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PREFACE. 



The present volume is based largely upon the metallurgical 
syllabus issued by the Science and Art Department, and is 
primarily designed for the use of students preparing for the 
advanced stage of those examinations. Yet it has been the 
endeavour of the author to present to the student a condensed 
and succinct account of the theory and practice involved in 
the varied operations comprised in the metallurgy of those 
metals which are of general application to the arts and 
manufactures; and, while sensible of the defects of the 
work, he ventures to hope, that to the general student of 
nietallurgical or engineering science, and also to those prac- 
tically engaged or interested in the conduct of the numerous 
processes comprised under its title, it may prove to be a 
uaeftd auxiliary to, and reaum^ of, the contents of the mora 
voluminous, exhaustive, and expensive treatises upon the 
various divisions of the subject 

Much of the work must necessarily be of a descriptive 
character, compiled largely from the larger modem treatises 
and papers ; and of the numerous works to which it has thus 
been necessaiy to refer, the author takes this opportunity to 
acknowledge his obligations especially to the very excellent, 
comprehensive, and exhaustive treatises of Dr. Percy, and 
to the author's metallurgical notes made while a student in 
the same gentleman's classes and laboratories at the Boyal 
School of Mines. Amongst other works that T have perused 
with advantage, may be noted Bruno Kerl's Handbuch der 
Metallu/rgischen; Turran's Iron Manufacture of Great Britain; 
Lowthian Bell's Chemical Phenomena of the Blast Furnace; 
various papers in the TranfiaactiOTia of the Royal Society, of 
the British Association, of the Institution of Civil Engineers, 
of the Institution of Mechanical Engineers, the Journal of the 
Iron and Steel Institute, and in the pages of Engineering. 
19—1 A 



2 PREFACE. 

Throughout this volume the more modern but now almost 
universally adopted chemical notation, nomenclature, and 
atomic weights, have been adopted ; but in many instances 
where the same body receives two or more distinct names, 
according to the nomenclature employed, the chemical symbol 
of the substance has been added, in order to facilitate its 
identification with the same body described under a dijfferent 
name in treatises adopting the old nomenclature; and, iu 
exceptional cases, with the same object, decompositions have 
been represented in the two notations. 



PREFACE TO THE SECOND EDITION. 

A second edition of this volume having become necessary, 
the opportunity has been embraced to correct the few typo- 
graphical and other errors of the first edition, and to revise, 
rearrange, and considera*bly extend certain chapters of the 
book, so as to bring the same up to date. The additions will 
be found principally in the chapters upon Fuel, Iron, and 
Steel. In the first-mentioned section considerable improve- 
ments in the methods of coke-bumingf and the collection of 
bye-products, etc., have been effected duiing the past decade, 
and these have now been noticed in the volume. The articles 
treating upon the prodtiction of open-hearth steel have been 
rewritten and extended, whilst a section upon the prodtiction 
. 0/ steel by the Basic, or Thomas and Gilchrist Process, has been 
added to the work. Extensions have also been made to 
the articles treating upon the production of sound or homo- 
geneous steel ingots. 

In this manner eighty-four pages of letterpress have been 
added to the text and twelve new illustrations introduced 
into the volume, and the author thus hopes* that this edition 
may meet with the same cordial reception in the Colleges 
and Technical Schools where metallurgy is taught, as was 
accorded to the first edition. 

W. H. G. 

Firth Collicgf, Sheffield. 
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METALLURGY. 



CHAPTER L 
INTRODUCTION. 



Metallurgy. — ''The art of extracting metals from their 
ores, and adapting them to the various purposes of manu£Eu>- 
ture." — Percy. 

Metallurgy thus embraces a large cycle of operations of a 
chemical, physical, and mechanical nature; but it is with 
that division essentially chemical that the science of metal- 
lurgy chiefly deals, and which will form, to a great extent, the 
subject of the present volume — ^the operations of a purely 
physical or mechanical character being omitted or treated as 
briefly as possible. Thus the series of mechanical operations 
involved in dressing the ores, etc., belonging to the province 
of the miner^ will not be further alluded to. 

1. Metal. — ^This term was originally applied to all bodies 
possessing certain well defined physical characters, especially 
their lustre amd high specific gravity ; but at the present 
time the word must be taken in a more atrietly chemical 
sense, since many bodies now considered non-metaUic, as, for 
example, iodine, silicon, and selenium, possess many of those 
physical qualities formerly looked upon as the essential and 
peculiar qualities of the metallic state ; accordingly about 50 
of the elemenUvry substances are classed as metals, though 
fresh discoveries continue to add to this number; and of 
these only about 15 are of sufficient importance in the arts 
to call for notice in the present work, viz., Aluminum, Amti- 
mony, Arsenic, Bismuth, Cobalt, Copper, Gold, Iron, Lead, 
Mercury, Nickel, Platinum, Silver, Tm, and Zinc. 



10 METALLUR07. 

2. Physical Qualities of the Metals. — Mercury is the only 

metal which, at the ordinary temperature of the atmosphere, 
exists in the liquid state. All others are aolidf and all ai-e 
opaque, except perhaps gold, which in an extreme state of 
tenuity transmits a greenish light; they reflect light from 
their polished surfaces, giving them a characteristic lustre 
known as the metoMic lustre. The metals silve^^ tin, cadmium, 
mercury, antim^ony, zinc, lead, bismuth, etc., are white or in- 
clining to white with bluish or yellowish tinges ; gold stands 
alone as a simple metal having a yellow colour, and copper is 
the only red metal The specy^ gravity of the metals ranges 
between *58 (lithium) and 21*53 (platinimi) ; the more 
common metals are, however, characterised by a high specific 
gravity. They differ widely in their behaviour under tiie 
influence of heat: thus some, as tin and lead, are fiisible below 
redness ; copper, gold, silver, etc., are readily fusible in ordin- 
ary furnaces ; while nickel, cobalt^ Tnanga/nese, iron, eta, can 
ordy be fused with great difficulty; and platinu/m, chromium, 
and others are practically infusible ; others again, as arsenic, 
cadmium, zinc, and m^cu/ry, are volatile, the former assum- 
ing directly the gaseotis form without passing through the 
liquid state. The brittle metals may usually be obtained in 
well defined crystalline forms ; to this class belong bismuth, 
antimony, zinc, etc. The fracture of the metals is often 
characteristic, and described as crystalline, granular, Jibrous^ 
silky, colwmnar, or conchoidal ; of the first three forms men- 
tioned, good specimens are afforded by the varieties of iron 
occurring in commerce, the numganiferous pig-iron known as 
speigeleisen being largely crystalline, grey foundry pig is 
gramular, and ordinary bar iron is distinctly fibrous, the 
fracture of this latter, however, varying with the manner of 
breaking ; copper affords an example of the silky fracture, 
and tin dropped in a fused state from a height becomes 
cohmvnar. 

3. Malleability, or "the property of permanently ex- 
tending in all directions without rupture by pressure or 
hammering," is possessed in varying degrees by the metals ; 
from such as bismuth, arsenic, etc., which are characterised 
as brittle or void of malleability, to gold and platinum, 
which may be laminated into leaves of extreme thinness ; 
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some metals, though malleable to a considerable degree, 
require to undergo the interme<fiate operation of cmneoMrtg, 
i.e,, heating to dull redness, and then allowing to cool down 
slowly, this being repeated once or more during the operation 
of hammering or rolling out; an example of such is famished 
in the case of copper. The following are in order of mal- 
leability : — Gold, silver, copper, tin, platinum, lead, zinc, 
iron, nickel. 

4. Ductility, or " the property of being permanently 
elongated by a tensile force, or of being drawn inio wire," is 
possessed to a greater or less degree by all malleable metals, 
though the most malleable are not necessarily the most duc- 
tile, the ductility of a metal being more powerfully influenced 
by its tenacity than is its malleability. The following is the 
order of ductility: — Gold, silver, platinum, iron, copper, 
aluminum, zinc, tin, lead. 

5. Elasticity. — ^The elasticity of a metal is the extent to 
which it may be elongated by tensioja without remaining^ per- 
manently extended on the removal of the strain or stretching 
stress ; and the stress required to produce the first sensible 
permanent extension in a given rod, bar, or section of the 
metal, indicates the limit of elasticity of such metal. 
Within certain limits it is found that bars of metal, which 
have been strained just beyond their limits of elasticity, and 
which may present a slightly smaller section than the ori- 
ginal bars, have yet assuDied, under the treatment, slightly 
increased rigidity. 

6. Tenacity, or " the property of resisting fracture from a 
tensile or stretching force," is found to vary with the 
purity, the molecular condition of the metal as due to it^ 
mode of treatment or preparation, and with the temperature, 
the tenacity usually diminishing with an increase in the 
temperature. 

The tensile strength of a metal is also generally decreased 
after heating to, or above redness, and then allowing it to 
cool without further treatment, .this is due probably to the 
production of a more or less crystalline structure in" the 
metal; and often the presence of only traces of foreign 
metals; as for instance traces of lead, tin, and antimony in 
fine gold are sufficient to render that highly ductile metal 
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quite brittle and weak under the action of a tensile force. 
The following are arranged in the order of their tenacity : — 
Steel, iron, copper, platinum, silver, gold, zinc, tin, lead. 
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Before Fracture, Fig. 1. After Fracture. 

Fig. 1 IS one form of the test-piece employed in determining 
the tensile strength of the metals. 

7. Conductivity. — ^The metals, with few exceptions, rank 
as the best conductors of both heat and electricity. Silver, 
gold, copper, zinc, iron, tin, platinum, lead, antimony, and 
bismuth, are in the order of their conducting power for heat, 
while in conductivity for electricily they stand as follows: 
viz., copper, gold, zinc, platinum, iron, nickel, tin, lead, anti- 
mony, and then bismutL 

8. Welding. — Certain of the metals possess the peculiar 
property termed welding^ whereby, if two clean surfaces be 
brought, into contact and pressure applied, the two adhere 
together, and become part of one and the same mass ; this 
quality is signally possessed by iron at a white heat ; and 
lead or gold in a fine state of division, if pressed together 
strongly at the ordinary temperature, adhere, forming one 
mass. 

9. Tonghness. — ^Toughness, as applied to the metals, is 
the property of resisting fracture by bending or rolling. 

10. Softness. — Sofiaiess, or the property of easUy per- 
manently yielding to pressure without fracture, or as being 
easily sectile, is typically marked in the case of lead. 

The hardness of metals is usually estimated by the resist- 
ance offered or force reqidred to draw wires of equal diameter, 
and of the same temperature, through a hole of a given size ; 
thus, steel, iron, copper, silver, tin, antimony, and lead, are 
in order of hardnesa 

11. Cold-short is the name applied to the condition of 
malleable metals when they do not permit of being extended 
by hammering or rolling at the ordinary temperatures, with- 
out cracking or breaking at the edges, although such a metal 
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may be readily worked at a red heat, or at any Ligher tern- 
|)eratiire. On the other hand, a metal which permits of being 
hammered or rolled out at ordinary temperatures without 
fracture, but which cracks or breaks up when so treated at a 
red heat, is designated as red-short. There are some metals, 
notably certain inferior brands of bur-iron, which, although 
rednshort at temperatures near redness, can be worked with 
facility if raised to a considerably more elevated temperature. 

12. Alloy and Amalgam. — ^Ilie body formed by the union 
or combination of two or more metals with each other is 
termed an aUoy^ and if one of the constituent metals be mer- 
cury, then the resulting substance ia known as an amalgam. 

The metals most likely to occur in alloys are two or more 
of the following, viz., antimony, arsenic, aluminium, bismuth, 
cobalt, gold, iron, lead, mercury, nickel, platinum, silver, 
tin, and zinc. Frequently, also, certain non-metallic elements, 
as sulphur and phosphorus, occur in bodies which axe gene- 
rally classed as alloys; of such is the substance known as 
phosphor-bronze, dlescribed in Vol. II. 

13. Nitric Acid and Allojrs. — ^If nitric acid be without 
action upon an alloy, there is a probable absence of all the 
above-named metals, except, possibly, gold and platinurn. 

If a reaction, attended by the evolution of nitrous fumes, 
follows when the alloy is treated with nitric acid, then, pro- 
bably, one or more of the following metals is present in the 
alloy^ viz., arsenic, antimony, aluminium, bismuth, copper, 
cobalt, iron, lead, mercury, nickel, silver, tin, or zinc, 9& of 
which, with the exception of amiim^my and tin^ are dissolved 
by the acid, while the two last mentioned are deposited as 
white residues of their respective oxides. Hence, if a reaction 
ensues when an alloy is treated with nitric acid, the resulting 
solution will contain the above metals which are soluble 
in the acid, and in the presence of large quarUities of silver 
the solution may also contain platinum in addition ; whilst 
any residue, if it be white in colour, arises from the 
presence of antimony or tin, with only small proportions of 
gold or platinum, if these be present. The residue may 
also contain silver and lead in small proportions. A metallic 
powder or a black residue indicates gold or platinum, with 
possibly small proportions of antimony, tin, silver, or lead. 
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METALLURGICAL TERM& 

14. Ore, etc. — ^' Ore is the name applied to the metallifer- 
ous matter in the state in which it is extracted from the 
earth by the miner." 

The ore is nsuallj an oxide, sulphide, carbonate, chloride, 
phosphate, silicate, or arsenide of the metal, or various mix- 
tures of iJiese, mixed with extraneous mattw, often earthy 
or stony, as quartz, felspar, hornblende, various silicates, 
carbonat(»3 of lime, magnesia, eta, heavy spar or barytes, 
fluorides, eta, as well as portions of the rock adjoining the 
mineral lode ; this extraneous matter is designated vein-stuffs 
matrias, or gangv>e: 

16. Native Metals. — ^When the metal occurs uncombined 
with any other chemic^ element or elements, it is said to 
occur ncUive; of such occurrences gold and platinimi afford 
examples, though these are always a^compaiued by sUyer in 
small quantities. 

16. Dressing Ores. — ^Tlie mechanical operations necessary 
to prepare the material extracted from the mine for the 
smelting processes^ are known as dressing operations, and 
consist in breaking the ore, sorting, and washing; operations 
performed with varying degrees of. care, according to the 
value of the metal to be extracted, and to the future require- 
ments of the smelting operations ; for, as will hereafter be 
shown, certain proportions of gam/gue or stony matter may 
be useful for the subsequent separation of the metal in the 
furnace, by forming under the furnace conditions a fusible 
slag with the other extraneous matters of the ore, from which 
the reduced metal readily separates in virtue of its superior 
specific gravity. 

17. Beduction. — ^Reduction is the process of separating 
the metal frt>m its ores, or from its chemical combination. 
The substance effecting this separation or reduction is known 
as the redndng agent. The noble metals, gold, silver, pla- 
tinum, mercury, etc., are reducible from their oxides by the 
application of /leat alone, which thus becomes the reducing 
agentk 
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Carbon or oarbonaceous matters, assisted, by heat, are 
very frequently employed as reducing agents especially in 
the smelting of those oxides which are difficult of reduc- 
tion, such as the oxides of iron, zinc, manganese, etc.; and it 
is notable also that, whilst these oxides are reduced as just 
mentioned,' with the liberation of carbonic oxide, yet, if 
the metals themselves be heated, in contact with c^bonic 
anhydride, to a temperature above bright redness, the metals 
suffer oxidation, and carbonic oxide is also liberated. 

In the smelting of lead by the Flintshire process, atmosr 
pheric air and the sulphur of the ore act together as the 
reducing agents. 

18. Smelting.— This is the name applied to the process, 
or series of processes, by which a metal or metallic compound 
is separated by fusion from its ore. 

19. Flux and Slag. — Flux is the name given to the sub- 
stances added to the furnace charge of ore and reducing 
agent, for the purpose of combining with the extraneous 
matters of the charge, and forming therewith a fusible com- 
pound, designated slag, through which the metallic particles, 
in virtue of their superior specific gravity, readily sink and 
collect beneath the layer of fused slag which collects on the 
surfaca 

20. Regains, Matt, and Speise. — ^In smelting certain 
metallic sulphides, instead of obtaining, as above, merely 
inetcU and slag, it is frequently desirable, before finally 
extracting the metal, to concentrate the metallic matter in a 
fusible mass of mixed sulphides, designated as a regtdtts or 
liMtt, which regulus is then the object of a subsequent opera- 
tion for the extraction of the metal Similarly, if arsenical 
ores, such as the ores of nickel or cobalt, be the subject of 
treatment, a compound occurs similar to the regulus above 
mentioned, but which contains arsenic instead of sulphur, 
and which is then called speise. In certain operations slag, 
regulus f speise, and metal, may all be obtain^ as products 
of the same operation, occurring in layers in the order named 
on the bed of the furnace. 

21. Boasting and Calcination. — ^These terms are often 
vised indiscriminately to indicate operations which have for 
their object either the expulsion of water^ carbonic anhy- 
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dride, etc., to volatilise or sublime certain volatile com- 
pounds, or to oxidise some portion of the ore or metallur^ 
gical product under treatment; but the last mentioned is 
more properly a roasting operation, whilst the two former 
are calcining operations. The roasting or calcination is con- 
ducted in the open air, either in large heaps or in kilns, or 
otherwise the ore or metallurgical product is heated in an 
oxidizing atmosphere, u|)on the bed of a reverberatory furnace. 
When heaps are employed the ore is usually mixed with 
the necessary fuel, unless, as in the roasting of certain black- 
band iron ores, the ore itself contains sufficient bituminous 
matter to carry on the necessary combustion without the 
addition of any further fuel. In either case the combustible 
matter is ignited, and the heap of materials is then allowed 
to slowly bum itself out. When kilns are employed instead 
of heaps, then either the fuel is mixed with the metalliferous 
matters as before, or the kilns are arranged so as to utilise 
various waste gases, such as those from the blast furnaces, etc., 
where such are available. If the roasting or calcination be 
effected on the hearth of a reverberatory furnace, then the 
metalliferous matter does not come into contact with the 
fuel, as in the former cases, but the fuel is burned in a 
separate chamber. In any case, the object is to heat the 
ore, or other product, to a comparatively low and regulated 
temperature, with the more or less free access of air to the 
materials under operation. 

22. Scoriflcation. — Scorification is a process for the 
separation of readily oxidizable metals, such as tin, nickel, 
antimony, etc., from other metals with which they are alloyed. 
The operation is conducted by adding a proportion of lead 
to the alloy, and then heating the alloy to its melting point 
in a current or blast of atmospheric air. The oxides of tin, 
nickel, antimony, eta, are then dissolved in the litharge (not- 
withstanding that the oxides of tin and nickel are infusible 
per 8e) produced by the oxidation of the lead, and then rise 
to the surface as a liquid slag, which can be readily removed. 

23. Cnpellation. — Cupellation is the process by which 
large proportions of lead, together with smaller quantities of 
other oxidisable metals, are separated from silver and gold 
when argentiferous lead is exposed upon a suitable refrac- 
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tory, shallow, concave bed or hearth, to thfe joint action of 
heat and atmospheric air. 

24. Sublimation. — Sublimation is the term used to desig- 
nate the process of volatilizing solid substance by heat, and 
subsequently condensing the same in a solid state. The 
sublimate is often collected in the upper part of the apparatus 
so employed, as, for instance, in the purification of arsenious 
anhydride (p. 309). 

25. Distillation. — Distillation, in metallurgical science, is 
applied to the operation wherein a volatile metal is converted 
into a vapour, which is subsequently condensed to the solid 
state, as it issues either from the bottom or the top of the 
distilling apparatus. In the former case the distillation is 
distinguished as distillation per descensumf as in the English 
method of zinc distillation, while, when the vapour passes for 
condensation from the upper part of the apparatus, as in the 
separation of metallic mercury, the distillation is per aacenaurtu 

26. Liquation or Eliquation. — These are the terms 
applied to the process by which bodies having different 
melting points, or which solidify at different temperatures, are 
separated from one another by subjecting their mixture to a 
carefully regulated temperature, sufficiently elevated to melt 
the more fusible metal only, under which conditions the most 
fusible metal flows from the alloy or mixture of metals, leaving 
the less fusible substance on the bed of the furnace, or other 
liquating apparatus. Examples of this process are afforded 
in the metallurgy of bismuth, antimony, etc., as also in the 
separation of an argentiferous lead from an alloy containing 
lead, silver, and copper, the alloy of lead and copper requir- 
ing a much higher tempei^ture for its fusion than does the 
argentiferous lead. 

27. Lixiviation. — Lixiviation is an operation or process 
for the separation of certain metallic salts from metalliferous 
or other matters, by the solvent action of water or saline 
solutions. . The operation is performed in vats or other 
suitable vessels, in which the dissolving fluid can be intro- 
duced upon the surface of the materials under operation, and 
then gradually percolate through the same. The solvent thus 
dissolves out the desired salt before the fluid is drawn off or 
runs away from the bottom of the vats. Examples of lixivia- 

19—1. B 
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tioii are afiPorded in the wet process for the extraction of 
copper (p. 63, Vol. II.), and also in the fifth stage of the 
Augustin process for the extraction of silver (p.259, Vol. IL) 

28. Cementation. — Cementation is the name applied to 
the process in which articles are embedded in certain 
powders or cementing materials, and are then heated to a 
temperature below fusion for a period varying between several 
hours and as many days. When charcoal forms the cement- 
ing material, and malleable iron bars are under treatment, 
then the result is a carburization of the iron and the pro- 
duction of blister steel ; but if the cement powder be hae- 
matite iron ore, and the object for conversion be a casting of 
cast-iron, then the process is one of decarburization, and 
the casting acquires by the process many of the qualities of 
malleable iron. 

29. Dessication. — Dessication is the process for the artifi- 
cial dr3dng or expulsion of water from wood, peat, etc., with- 
out destroying the organic tissue. It is effected either by 
exposing the materials to heated air, by centrifugal action 
aa adof^ed in peat drying, or by other means. 

30. Dissociation. — ^This term is used to denote the pheno- 
menon occurring at elevated temperatures, by which certain 
compound gases are resolved into their constituent elements 
under the influence of heat alone. Thus the dissociation or 
resolution of water vapour into its constituent elements, 
oxygen and hydrogen, is effected by heat alone at a tem- 
perature of 2500° C, ; and so also carbonic anhydride (COg) 
is resolved into carbonic oxide (CO) and oxygen at a tem- 
perature of from 1000° C. to 1200° C. 

3L Occlusion of Gases. — Occlusion denotes the phenomena 
presented by certain metals, by which they are able, at ele- 
vated temperatures, to absorb many times their own volume 
of a gas. This property is possessed by molten silver, which, 
at the temperature of fusion, occludes many times its own 
volume of oxygen (p. 222, Vol. IL). Iron and steel occlude, 
in like manner, hydrogen and nitrogen (p. 205). 

82. Caking. — Caking and binding are terms used indiscrim- 
inately to denote the quality in coal whereby, when strongly 
heated out of contact with the air, its particles more or less 
strongly cohere to form a solid mass known as coke, whilst 
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coals which do not possess this quality are described as frw- 
burning, or non-caking, 

38. Rusting. — This is the term applied to the process of 
slow oxidation and waste, which goes on at the surface of 
metallic iron when the same is exposed to the joint action of 
air and moisture, or more rapidly if carbonic anhydride be 
also present. The hydrated oxide so produced is known 
as iron-rtMt (see author's Steel and Iron, p. 42). 

34. Annealing. — This is an operation usually performed 
on plates, castings, blocks, etc., of such materials as are 
unduly hard or brittle, either from irregular cooling, ham- 
mering, rolling, or otherwise working the material at a 
critical temperature, and whereby local stiuins, eta> have 
been set up within the mass, of a nature which allow at least 
of a partial correction by annealing, i.e., again heating the 
article to about a cherry-red heat, and subsequently cooling 
under suitable conditions. In the case of iron and steel the 
cooling is effected either by allowing the body to cool very 
slowly within the furnace itself, or by withdrawing it from 
the furnace, and then immediately covering it with ashes or 
other bad-conducting material, under which it is allowed to 
cool down to the ordinary temperature before it is removed. 

In the case of crucibles for steel-melting purposes, the 
term " annealing " is applied to the operation by which the 
crucibles are slowly warmed up and finally heated to redness 
before they are inserted into the melting-hole or fire. 

35. Annealing Furnace. — The annealing furnace used for 
the annealing of the large crucibles used in steel melting is a 
rectanguler chamber of brick-work (see fig. 52), the fire-bars 
of which are placed close together and form the bed ; the 
front of the furnace is closed by an iron door z, which moves 
vertically upwards and downwards, while the furnace com- 
municates with the atmosphere by a small flue or stack in its 
roof. A layer of fire to the depth of a few inches is laid over 
the whole surface of the bars, and this is covered with small 
cinders or coke, the pots are then packed in mouth down- 
wards, the whole being then covered with small coke. The 
front is now closed, and the whole is left for from 12 to 20 
hours, when the pots will be thoroughly dry, at a xed Vi^^ 
and ready for insertion into the melting furnace. 
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86. Fining and Refining. — ^Tbese are the terms generallj^ 
applied to those stages of a metallurgical process, in whicb 
the foreign metals and other impurities are finally eliminated; 
bat in special cases, as in the treatment of pig-iron for the 
production of malleable iron, the term fining is applied to 
that stage of the process wherein the decarhurization is 
principally effected (p. 155), whilst the term refining is 
applied to a preliminary stage, in which a partial decarhuri- 
zation of pig-iron, and its conversion into white or plate 
metal (p. 155) only is effected. 

39. Shingling or Nobbling. — These terms are applied to 
the operations to which the puddled ball is subjected under 
the hammer, helve, press, or other squeezing apparatus, for 
the expulsion of slag, cinder, and scoriae from the puddled 
ball, and the welding together of its white-hot particles into 
a comparatively solid mass, called a bloom, 

38. Rabbling. — Babbling is the term used to designate 
the process of moving about, or stirring the charge upon the 
hearth of a reverberatory furnace. The straight, square, or 
round iron bar usually employed for this puipose is called a 
rahhle ; a similar bar, but flattened at one end, is called a 
peeler, and is used for introducing and distributing pigs of 
metal, or other substances, over the furnace hearth. 

89. Slags.— The slags occurring in metallurgical furnaces, 
with only few exceptions, such as those produced during the 
smelting of lead ores, are anhydroris sUicatea, of which the 
most frequent are the silicates of lime, magnesia, alumina, 
iron, and manganese, with small quantities of potash. 

Blast-furnace slags are usually regarded as silicates of lime 
and alumina, and have a composition approximately repre- 
sented by the formula 2Al203,3Si02 + 6(2CaO,Si02) = 
Al^SigOjg + Caj2S^6^24' '^^ilst the slag of the refining furnace 
is represented by the formula 2FeO,Si02, = Fe^SiO^. 

The slags produced in smelting operations are generally 
grey^ blue, green, broum, red, or black in colour, and often pre- 
sent a veined or marbled aspect. They are either glassy or 
dull and opaque, according to the rate at which they have 
l)een cooled ; if cooled quickly, the slag may be brittle and 
.glassy in appearance, while, if cooled slowly, the same slag 
may be dull, opaque, and often tough. 
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The colour of the slag is generally due to the presence of 
metallic oxides, but in the case of certain charcoal furnaces 
smelting iron ores, the blue colour of the slag is probabljr 
due to the presence of manganous sulphide. 

The fusibility of slags also depend upon their composition; 
thus, whilst ferrous or manganous oxides generally increases 
the fusibility of a slag, magnesia decreases the fusibility, aud 
so, when dolomitic (magnesian) limestone is added to the 
blast furnace the fusibility of the slag is reduced, and there 
is a tendency, at the same time, to produce white pig-iron in 
the furnace. 

40. Clays. — Clays are essentially hydrated silicates of 
alumina, with varying amounts of iron, lime, magnesia, 
potash, etc., along with more or less mechanically mixed 
silica; l3ut the proportions of silica and alumina pi*e8ent in 
clays apparently the same, and coming from the same locality, 
are found to differ widely. Clays owe their plastic quality to 
their chemically combined water. Clays which will withstand 
exposure to a high temperature without melting or sensibly 
softening are described as fire-clays; such occur largely in 
the carboniferous, and more sparingly in other geological 
formations. The fire-clay employed for the manufacture of 
erucihlea or fire-bricks, should contain only a very small pro- 
portion of alkali, and be free from iron pyrites (FeSj). 

41. CmcibIe8.T-~^' This term is usually applied to such opoi 
mouthed movable vessels, in which bodies are exposed to 
high temperatures, as are movable by tongs." 

Gk)6d • crucibles should be capable of resisting a high tem- 
perature without sensibly softening, should not be tender 
while hot, ought to stand sudden and great alternations of 
temperature without cracking, and resist the corrosive action 
of materials such as litharge, etc., and the action of the fuel 

Crucibles are made of mixtures of fire-clays, burnt day, 
silica (sand), graphite, coke-dust, and ashes ; tiie burnt clay 
being usually the old pots (crucibles) freed from adhering slag, 
broken and ground up, its admixture assisting in the preven- 
tion of the cracking of the crucibles on drying, which occurs 
if raw clays only be used. Mixtures of days are preferred 
for making crudbles: thus, for the crudbles used in the melt- 
ing of steel, a common mixture consists of Stourbridge-clay, 
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cfaisarcUy, blue-clay, ground pots, and coke duat; the in- 
gredients an ground fine, so aa to procure vmifonnity in the 
nze of the particles, then mised on the floor, water thrown 
over it, and the mass kneaded by the workmen treading it 
barefooted for several honre, the clay being turned over with 
the spade at intervals ; the mass is then ctit up and weighed 
into portions called baUi, each sufficient for one pot (crucible) ; 
each baU is worked by hand on the table or bench before 
being finally moalded into form, an operation performed 
either by a machine or in a mould by hand. The crucibles 
an now transferred to shelves around the steel-honse, where 
tbc^ remain about a fortnight before nsing, bo as to be 
tJiCTonghly dried; and before their final use for melting pur- 
poses, are annealed for from 15 to 18 hours in a separate 
fbmaoe, from which they are removed while sHll hot and 
inserted in the melting fnmace. These pots hold about 50 
lbs. of bar-iron cut into small pieces. 

The small crucibles used by assayers, etc., are kiln-burnt. 

Plumbago omeibles contain only so much clay as will suffice 
to give the mixture of clay and plumbago the necessary 
plasticity ; the plutnliago is liand picked, ground, and sifted 
before mixing with the clay These crucibles withstand a 
hi^er temperature without softening than do the clay 
cs-ocibles, also greater alternations of temperature without 
cracking; their surface is also smoother, and particles of 
metal do not cling to their sides. 

Cornish, London, and ffcMum cruciblea an smaller 
omeibles used by assayers, differing only m shape and made 
from mixtures of fire-clay and sand. Accompanying are 
tiketcbea of London, Cornish, and steel melting crucibles. 




CmoiHe, Cover, and Stand 
' employed for melting cut- 

j. eteei—Scak, -ff. 

Fig. 2. — Orocibles. 
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For making certain assays, as, for instance, the dry assay 
of an ^:^ it is neceJry^^ have a crucible ^acJ 
bonaceons lining, or, as it is technically called, a hrasqued 
crucibla This brasque may be made either of wood-charcoal 
and starch, of gasKsarbon mixed with coal-tar, or, for the 
small isan assay enudhkB, a good iimng may be made by 
a mixture of ground charcoal and treacle ; the inside of the 
clay crucible is lined with this mixture, pressed moderately 
hard, and the crucibles, coyered oyer to preyent the ready 
access of air to the lining, are heated to redness ; when gases 
cease to escape from the decomposition of the treacle, the 
crucibles can be taken from the muffle or frimace, and when 
cold are ready for use. 

42. Fire-Bricks. — ^The qualities already stated as required 
to constitute a gck)d crucible, apply also to the case of fire- 
bricks. In the manufacture of fire-brick, the fire-clay is 
;:pround between rolls or under-edge stones, kneaded with 
water, and moulded like ordiilary bricks, then thoroughly 
dried and baked in closed kilns. They must always . be set 
in a mortar of fire-clay, and not in the usual lime mortar, 
otherwise, at the intense heat to which they may be subjected, 
diemical union woidd occur between the free mechanically 
mixed silica of the clay, and the lime of the mortar with the 
production of a fusible silicate, and consequent rapid destruc- 
tion of the structure. 

43. Dinas Brick. — ^This is an exceedingly refractory brick 
used for the roof of reyerberatory furnaces, etc.; it presents a 
rough hackly appearance or fracture frx)m the presence of 
fragments of white quartz embedded in a yellow matrix. The 
material of these bricks occurs in the Yale of Keath, and 
contains about 97 per cent, of silica, the remainder being 
alumina, oxide of iron, lime, alkali, and water. The bricks 
are made by mixing the ground or crushed rock with from 
1 to 3 per cent of lime. The mass is then moistened with 
water, and pressed into iron moulds of the form required ; 
they are then carefully dried and heated in kilns for about 
seyen days. 

44. Silica Bricks. — ^The silica bricks made by the Landore 
and other companies,* and used for the roofs, ports, e;^.^ 

* Steel and Iron (Author). 
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of the Siemens' open-hearth steel-melting furnace, are similar 
or identical with the above bricks. Silica bricks expand 
considerably on heating, and they also require to be set 
or laid in a mortar of silica sand and water only. Lime 
. or clay mortar cannot be used in conjunction with silica 
bricks, since it would, at the high temperature of the 
Siemens' furnace, combine with the silica of the brick, and 
produce a fusible slag, which would thus rapidly destroy 
the furnace. 

46. Silica Sand. — The sUica sand used as the mortar in 
the setting of silica bricks, and also employed for making 
the bottom of the open-hearth steel-melting furnace, and 
for mixing with fire-clays in the manufacture of certain 
fire-bricks, has a composition analogous to the silica rock 
just described, whilst the sand forming the pig-bed as also 
that used for moulding purposes, is much less sUiceous in its 
character. 

46. Ganister. — Granister is a refractory siliceous rocic, 
usually containing just sufficient argillaceous matter to hold 
or cement together its siliceous particles upon the application 
of a little pressure, as by ramming, etc., without any further 
admixture of clay, or other binding material.* Granister is 
used largely for lining the melting holes (desciibed p. 218) 
for the crucible steel jirocess, as also for the lining of the 
ordinary Bessemer converter. 

47. Dolomite. — ^This is a highly basic magnesian lime- 
stone; it is highly refractory, but contracts on heating to 
whiteness to about one half of its original volume ; hence, in 
using this substance it is necessary, before making it into 
bricks or otherwise applying it as a furnace lining, to well 
bum it, so as to expel carbonic anhydride, and also to pre- 

' vent as far as possible the great contraction just mentioned 
as arising when the material id strongly heated. Dolomite 
is now used (mixed with coal-tar as a cementing material) 
for the basic lining of the Bessemer converter in the so-calleil 
basic process for the production of steel. 

48. Bauzita — Bauxite is a hydrated aluminous ferric 
oxide, containing some 60 per cent, of alumina, with about 
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20 per cent of ferric oxide, and only from 1 to 3 per centb of 
silica. Bauxite is highly refractory, jso that when calcined 
nnd made into bricks, with an addition of some 6 or 8 per 
cent, of clay or plumbago to act as a binding material, it 
then yields a very durable and practically infusible brick. 

49. Ash. — Ash or ashes is the mineral residue left behind 
upon the combustion of solid fuels. 

50. Clinker. — Clinker is the more or less perfectly fused 
residue or ash left on the fire-bars of furnaces, burning coal, 
or other solid fuel, and often contains particles of uncon- 
sumed coal, cinders, etc., besides the imperfectly fused earthy 
matters of the fuel. 



CHAPTER III. 

FUEL. 

This term is applied to all those materials which are pxacti- 
cally employed for the generation of heat. 

The fuels used in all furnace operations, i.e., anthracite^ 
bituminoTiSy caking, cannd, or other kinds of coal, peat^ 
lignite, and wood, or their derivatives, as coke, charcoal, eta, 
are all of vegetable origin. The elementary constitution of 
the fuels will accordingly l)e much the same, though the 
relative proportions of the elements differ widely ; these ele- 
mentary constituents are carbon, hydrogen, oxygen, nitrogen, 
and inorganic or earthy matter. The last mentioned consti- 
tutes the a^sh of the fuel, and varies in amount from 1 per 
cent, to 4 per cent, in wood, and from 1 per cent, to 20 per 
cent, in the denser fuels. 

But besides the above bodies of organic origin generally 
employed as fuels, there are in special metallurgical opera- 
tions, as in the ordinary and in the basic Bessemer process for 
the manufacture of steel, other elements, such as the silicon 
and phosphorus in pig-iron, which are practically used for the 
generation of heat, and ought accordingly to be classed 
amongst the bodies employed as fuels in metallurgical opera- 
tions. The sulphur in copper and iron pyrites is also, by its 
combustion, capable of providing an amount of heat that can 
be utilised, entitling this element to be classed, therefore, as 
a fuel In the producer gaises (p. 61), the hydrogen pro- 
duced by the decomposition of water vapour, is sdso em- 
ployed as a heat producer. 

6L Wood. — ^Wood cannot be used as the fuel where high 
temperatures are required, owing to the large amount of 
water it retains, unless it has been previously kiln-dried; 
timber which has been felled and exposed to the atmosphere 
for a considerable time, so as to become thoroughly air-dried, 
still retains about 20 per cent, of water. Hence, for metal- 
lurgical operations, the wood to be available as a fuel must 
first be converted either into charcoal, or subjected to dessi- 
cation or drying at a temperature which is almost sufficient 
to char the wood. 
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The woods most commonly employed as fuels are sycamore, 
bircli, deal, ash, elm, oak, fir, larch, etc. The earthy matter 
or ash of this class of fuel contains potash, soda, lime, 
magnesia, a little oxide of iron, silica, phosphoric acid, 
sulphuric acid, and chlorine, but is marked by the absenco of 
alumina. 

62. Peat is the product of the slow decay without access 
of air of various kinds of plants, in this country especially of 
the mosses; but like wood it retains water sufficient to render 
it unavailable for the production of high temperatures. Even 
after cutting into squares and piling so as to thoroughly air- 
dry it, peat still retains from. 20 to 40 per cent, of water; 
this class of fuel also contains an excessive amount of inor- 
ganic matter, the ash frequently amounting to 10 or even 20 
per cent, of its weight. The ash contains potash, soda, lime, 
magnesia, alumina, oxide of iron, phosphoric and sulphuric 
adds, chlorine, silica, and silicates ; the lime in some cases 
amounting to 36 per cent., and the oxide of iron to 15 per 
cent, of the total weight of the asL It is also noticeable that 
whereas the ash from peat contains alumina and oxide of 
irouj that frx)m wood is void of alv/mina, and contains but a 
trance o£ oadde of iron, 

63. CoaL — ^The different varieties of coal form by far the 
most important class of substances employed as fuel 

Coal is a solid mineral substance, more or less combustible, 
of a dark brown or black colour, opaque, except in very thin 
slices, brittle, infusible without decomposition, not sensibly 
soluble in ether, benzol, or solvents of resinous matters; the 
percentage of carbon is greater than that in peat or wood, 
•and the proportion of oxygen to hydrogen in the fuels exists 
here at the mininium, the ratio increasing in the different 
varieties of fuel as they approach nearer to the characters of 
wood, in which the ratio has its maximum. For during the 
decomposition and solidification of the vegetable matter 
necessary for the formation of coal, gaseous products, as 
marsh gas (CHJ, the fire-damp of the miner, along with 
other hydrocarbons, carbonic anhydride (COg), etc., are emitted 
(either slowly and quietly, or, if accumulated imder pressur^ 
sometimes escaping with violence) ; and in this manner the 
oxygen and hydrogen of the original vegetable matter is 
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more or' less completely removed, according as the change 
from wood to coal is more or less complete, until, as in 
anthracite, carbon may form 95 per cent, of the entire mass. 
Sulphur is always present in coals, either as sulphate of 
lime and iron pyrites, or in combination with the organic 
constituents of coal ; silica and alumina also are invariable 
components of the ash of coal. 

The lignites are brown, brownish-black, or black in colour, 
with a dull or shining lustre, either wood-like, earthy, or 
compact in structure ; they are non-caking, and differ from 
Cither varieties of coal in the large proportion of water, 
amounting to 15 or 20 per cent., which they retain after 
air-drying; oxide of iron, silica, and alumina form the chief 
ii^r^ents of their ash. 

Bitu/minous coals mostly bum with a more or less smoky 
flame ; certain varieties of the class, when heated, swell up 
and become pasty, becoming eventually, if the heat be con- 
tinued without the access of air, converted into a hard 
coherent mass termed coke, and axe hence described as cak- 
ing coals ; other varieties, heated under the same conditions, 
eidier split up or retain their form without the particles 
cohering together, these 1 itter are described as non-caking or 
freerhu/ming coals. 

The bituminous coals contain more hydrogen and oxygen 
than the anthracites, and thus stand between them and the 
lignites in chemical composition. 

Anthracite has a stronger lustre than bituminous coal, 
and, as already mentioned, contains a much greater pro- 
portion of carbon than any other class of coal, this element 
forming 90 per cent, of the fuel ; it contains very little vola- 
tilizable matter, and bums only with considerable difficulty, 
requiring a much stronger draught for its combustion than 
tiie other classes of coals, but in its combustion generates an 
intense local heat, and is hence much used in melting opera- 
tions. It. decyepitates and crumbles away when thrown upon 
a hot fire, and is non-caking. 

Coals often contain a notable quantity of foreign minerals, 
as sulphides, oxides, etc., of copper, iron, arsenic, antimony, 
lead,, etc 

51. Charcoal.-^When wood is heated to aboxn^i ^^""0^% cso^ 



30 METALLURGY. 

of contacfc with the atmosphere, or with only a limited 
supply of air, it suffers decomposition; the more volatile 
products, as oils, tars, ammoniacal compounds, volatile 
hydrocarbons, etc., distil off and may be condensed; at the 
same time another portion of the oxygen, hydrogen, and 
carbon escape as carbonic anhydride, carbonic oxide, and 
carburreted hydrogen, along with hydrogen and other per- 
manent gases, and there remains behind a more or less 
porous carbonaceous residue called charcoal, retaining the 
original form and structure of the wood, and which consists 
essentially of the carbon of the wood along with its fixed or 
inorganic constituents, as also a little oxygen and hydrogen 
from which it cannot be freed by heat. The charcoal is 
more or less compact according to the temperature at which 
the carbonization has been effected. 

Charcoal is a bad conductor of heat and electricity, its 
conductivity being increased the higher the temperature at 
which it has been prepared. Its specific heat is *2411 ; its 
specific gravity varies with the nature of the wood and mode 
of cai'bonization, but ranges between '106 and '203; when 
burnt, charcoal leaves from 1 to 5 per cent, of asL 

The yield of charcoal varies with the mode of preparation, 
heat, and rapidity of carbonization, as well as the nature of 
the wood operated upon, and varies accordingly from 50 par 
cent, to 75 per cent, by volume of the wood from which it is 
produced, or from 15 per cent, to 25 per cent, by weight 
The yield is greater the lower the temperature of charring 
the wood, thus the average yield by rapid charring is 14 
per cent, and reaches 23 per cent if carbonized slowly. 

The wood for charcoal burning should be of mature growth 
and felled during winter; rotten and worm-eaten wood is bad, 
and timber is deteriorated for charcoal burning if long soaked 
in water. 

For blast-furnace or forge purposes the charcoal is better 
if kept for some months previous to using. 

66. Mode of Preparation. — Charcoal burning is effected 
either in heaps, stacks, or piles in the open air, in pits, or in 
closed chambers of brick, stone, or iron, heated either by 
the combustion of the volatile products of the distillation 
of the wood itself, or from a separate source of heat 
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applied externally to the ctiiuuber, aa by superheated steam, 
etc 

$6. Choicoal Saming in Piles. — For this purpose & enit- 
able piece of ground, level fuid sheltered from the wind, is 
selected, clayey ground being aToided. Three stakes axe then 
driven vertically into the ground (see fig. 3), which are to 
form the chimney of the pile at the commencement of the 
operation, the billeta of wood are then arranged in nearly ver- 
tical and conoentrical rows around this chimney, the billets 
leaning slightly inwards so as to be self-supporting. The 
spaces between tiie billets are filled up by the smallev branches 
utd twigs of the trees ; two or three rows in vertical height 




are thus built up, forming a Itirge (.uiuctil heap, the tup being 
formed by a quantity of the smaller pieces of timber laid 
transversely, and so tying the pile together The surface is 
now covered closely over with turf, the latter being jdas- 
tered over either with breeze, i.e., small charcoal, or with 
charcoal and earth, at every part except the opening at the 
top (foiTued by the three stakes first mentioned), and a few 
openings left around the base of the pile for the admissioa 
of air. The space between the three stakes previously cited 
is now filled with small and more easily inflammable twigs ; 
Trheu these are ignited, the combustion rapidly extends to 
tiie wood in its vicinity. In the first or sweating stage much 
water appears in the covering and at the base of the pile ; 
when tiiis is over the cover is made tight, and the combus- 
tion proceeds from the top to the bottem, and from the centre 
to the outside of the heap. Vent« are mode ea Mia ^v«RMi 



proceeds at varying heights around the pile, commencing at 
first near the top, and these are closed in Buccession as catv 
honiiatioii in that region or zone is supposed to be .com- 
pleted, judging by the smoke which issues &om the renUi 
BO made; the smoke at first is thick and white, be- 
coming, as the process approaches completion, thinner and 
pale blue in colour, with occasionally a blue flame appear- 
ing. The vents in this region are then closed, and a 
serieti lower down in the pile made, and so on until ths 
whole pile is carbonized ; as the process proceeds, any sink- 
ings that may occur from the unequal burning of the wood 
are filled up by removing the cover at the part and inserting 
fresh wood. Combustion being completed, the pile is covered 
with ashes, and left to cool for two or three days ; it is then 
taken to pieces, beginning at one side, the portions still. hot 
are quenched by throwing water or sand upon them. 

In another method of burmng mstead of the billets being 
arranged in vertical rows around the centre they are hud 
honzontaUy around the central stakes or chimney (fig 4) 




In other modes of charcoal burning in piles the wood is 
cut into lengths of about 8 feet and these are laid transversely 
on the ground so as to form a rectangular pile 24 feet long 
and increasing tram a height of 2 feet at the lower end to 7 
or 9 feet at the other ; the sides of the pile are formed by 
planks supported by props or stays ; the space between the 
wood to be burned .and these planks, is rammed with 
motsteaed "breeze" or^ small charcoal, the top of the pile 
being covered with leaves and faggots (see fig, 5), The pile is 
lighted at the lower end, and as the process proceeds holes 
are opened and dosed at different points, as described for tb» 
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prerlons method, commencing at the lower end and proceed- 
ing towards the bigher, Tintil when the higher end is in 
active opeiution, the lower end will have ceased to bum, 
and be cooling down. 




— EXCTAJiGULAR PiLB POR CHARCOAL BHR-JINO 

The z<meB of active carbonization during the piocess of 
charcoal bnniing in piles are tolerably well marked; thus, if 
the aocompanying (fig. 6) be a section of the circular pile, it 
ia lighted along the axis AB, and a row of vente opened along 
the aurfatxt at E, £, etc ; the air entering at the base takes the 
most direct and eaeieBt course towards the v^its, which will 
necesaarily be through the mass of wood contained in the 
lime described by the revolution of TiTM"A"R around the verti- 
oal azia AB ; since tlie mass of material between the chim- 
ney AB and the line EM will consist of the timber which 
has been dried and partiall; charred by the burning material 
introduced down AB, and so having a less volume than the 
i»iginal wood, there will 
be laiger cavities or spaces 
between the pieces, and the 
air entering at the bottom, fv 

HM', will tiiereby find less 
obstruction throngh this 
part than oHier portions 
of the pile, and so car- 
bonizati^ proceeds most 

rapidly in this zone or i ' — i — ■ — ^t— ' 

area;, the vents at E D NMAM 

now being closed and Fig- S 

others opened at F, F, the material between EM and 
FK is under tihe same relative condition titu^ «jn4iK& 
19— L o 
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between AB and EM when the operation commenced ; that 
is, the wood is dried and imperfectly charred &om the heat 
developed by the carbonization of the previous zone, so that 
carbonization will now proceed in the area described by the 
revolution of the plane EMNF around the axis AB, the 
inclination of ME, KF, etc., to AD becoming successively 
less and less, i.e., approaching at each step nearer and nearer 
to coincidence with the plane of the base of the pile ; the 
carbonization thus proceeding from the centre towards the 
circumference of the pile. 

In rectangular piles the process is much the same, the stack 
being ignited at the end A (fig. 7), and vents opened at E, 
J, decomposition proceeds 

.G F ^ in the area AMEB; 

B when the openings at E 
are closed and others 
opened at F, the pro- 
ducts of combustion, no 
N M A longer having exit along 
Fig. 7. EB, pass up through 

the section EMNF, completing the carbonization in this 
area; the vents in tiie same manner being closed at F and 
others opened at G, and so on successively to H, etc. ; the 
inclination of the boundary of the active zone, EM, FN., eta, 
continually approaches, as before, more and more towards 
horizontality. 

The heat necessary for the conduct of the operation is, to a 
large extent, derived from the combustion of ike volatile pro- 
ducts of the decomposition of the wood, and also, no doubt to 
a small extent, by the actual burning away of a portion of 
the charcoal itselfl 

The method of charring in retorts or in closed chambers 
is generally pursued where the tar and pyroligneous acid 
escaping during the process are to be collected. For this 
purpose the retorts are heated externally, and the volatile 
products of the carbonizing process are conducted by pipes 
from the retorts to receivers placed below the floor. In 
some districts also it is the practice to collect these by- 
products, even when the charring is eflected in heaps 
or piles, in which case the base of the pile is constructed 
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of xD^onry, built so as to dope from all sides towards a 
central well or dish, towards which all the volatile matters 
flow, and from which the volatile and condensible products 
are conveyed to a suitable condensing apparatus. 

Where kilns are employed in charcoal burning, they are 
either rectangular, cylindrical; or conical in form ; of these, 
the first is simply a rectangular chamber enclosed within 
four biick-walls, all well tied together by wrought-iron tie 
ixxls, and the whole is closed in with an arched roof, wliilst 
an upper and a lower door or opening is made in each of the 
end walls. The upper doors serve for the introduction of 
the wood to be chari'ed, whilst the lower ones are for the 
withdrawal of the charcoal. In the lower part of the side 
walls are a series of vent-holes for the admission of the air 
required for combustion, and for the escape of the volatile 
products produced during the carbonization. A chimney is 
formed in the centre by suitably arranging the wood as it is 
charged into the kiln, and into this chimney are introduced 
shavings, etc., for lighting up the kiln. After lighting-upi , 
the doors are all luted with mortar, when, as in pile burning, 
the escaping smoke is at the commencement dense and 
yellow in colour, but as the condensible products of the 
distillation cease to be evolved, the smoke becomes less 
dense and bluer in colour when the vents are successively 
closed, a stage reached about the fourth or fifth day after 
lighting up. When the process is completed the vents are 
all closed, and a further period of rest of from four to eight 
days are required for cooling down the charge. 

The round kiln is either quite cylindrical or slightly coned 
upwaixls, and it is covered in with a spherical domed roof, its 
construction otherwise being similar to that of the rectangu- 
lar kiln just described. The conical form, as being more 
economical, is rapidly superseding both the circular and the 
rectangular kiln for charcoal burning. Conical kilns are 
built of from 25 feet to 35 feet in diameter at the base, and 
from 20 feet to 25 feet in height; the cone of the walls being 
either made regular from top to bottom, or a very much 
flatter cone forms the roof, and stands upon the steeper cone 
which forms the body of the kiln. Doors for charging, and 
vent holes for the admission of air, are left as in the pre- 
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viously described forms, and altogether the process is con- 
dacted as before described, but the conical form requires less 
bracini^and is altogether less costly to erect. 

67. Feat Charcoal or Coke. — This product does not 
appear to be adapted to metallurgical purposes, its extreme 
finabilityrendering it unsuited for bearing any superincumbent 
pressure such as exists in blast furnaces, etc. It has been 
proposed to prepare peat charcoal by reducing the peat to 
pulp, forming the pidp so obtained into blocks, subjecting 
these blocks to pressure, and then carbonizing by the action 
of superheated steam ; but the process has not been com- 
mercially successful 

68. Coke. — Coke is the carbonaceous residue left on the 
destructive distillation of coal, etc., and consists essentially 
of carbon, with the fixed earthy or inorganic constituents 
of the coal from which it is produced, retaining also a- small 
proportion of oxygen, hydrogen, and nitrogen, and as occur- 
ring in commerce, it contains from 2 per cent, to 6 per cent 
of water. 

The average composition of coke, exclusive of ash, is 

Carbon = 97*33 
Hydrogen = '35 
Oxygen = 2.32 

100 00 

Ooke varies much in both its physical and chemical 
characters, depending upon the mode of coking and the 
quality of coal employed. It varies in colour from grey to 
black; some specimens are dull, while others are almost 
metallic in appearance, and sometimes iridescent; like wood 
charcoal it varies much in density, and it may be light, 
porous, and tender, or dense, hard, and resisting ; the higher 
the temperature employed in its production, and the longer 
it is exposed to the heat, the harder, more dense, and, at tiie 
same time, less easily combustible will the coke becoma The 
f^ield is also influenced by the temperature employed in its 
production, the higher the temperature employed the greater 
will be the yield ; this may possibly be affected to a limited 
degree, by the decomposition of hydrocarbon vapours, tar, 
etc., arising from the distillation of the coal in the lower 
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part of the pile. Sach vapours ascend through the super- 
incumbent heated mass, are decomposed, carbonized, and 
deposit their carbon as a lustrous coating on the coke, while 
only their hydrogen is burned off. At the same time the 
])articles of coal are soldered, as it were, together into one 
mass, rendering the coke more dense, whilst the coal also 
tends to swell during the same period, but being confined by 
the side walls of the kiln, a pressure is thus exerted which 
renders the coke harder and more silvery white in colour. 
An increased yield can only occur from this cause when the 
temperature is sufficiently high to effect the decomposition of 
these vapours. 

69. Coking in Piles. — This operation is conducted in cir- 
cular piles of from 18 to 30 feet in diameter at the base, and 
from 5 feet to 6 feet at the chimney. In forming a stack of 
this kind, a chimney is first erected by placing four bricks in 
the form of a square, though not in contact, erecting short 
columns on these, and then completing the chimney by 
placing bricks across the comers of each other, so as to leave 
spaces between the ends of each brick for the passage of gases, 

eta This chimney is closed either with a til«3, 
or has a cast-iron damper applied as required. 
The large coal >* lumps" are then stacked around 
and leaning towards this centre chimney, out- 
side of which again is placed the smaller coal. 
The pile thus built up is covered over to 
Fig. 8. within a foot of the base with small coke dust; 
and live coals are now placed near the top of the chimney, the 
oombustion rapidly extending downwards to the coal of the 
stack ; thick smoke appears and issues through the covering; 
and as this smoke is replaced by the blue flame of carbonic 
oxide, the attendant applies coke-dust to that portion of the 
pile, and so checks or stops the combustion in that region. 

When the thick smoke has been succeeded by plate and 
transparent gas and blue flame in every part of the pile, 
which occurs about the fifth or sixth day after firing, the 
chimney is perfectly closed, and the whole surface is plastered 
over with wet coke dust. The pile is then left to cool 
down, and on about the tenth day it is watered and the 
coke drawn. 
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60. Cokillg in Eilns.—The kilne consist of two parallel valls 
A, A, 5 feet in hetgtit, and built »boat 8 feet apart inside, with 




Fig 9 — Kbctanoitlar Cokiho Kiln 
Innrar feces of fire-bnck. In these walls, at iutervala of 
about 2 feet m the direction of their length, and at the seme 
distance from the sTound, are left transTerae openings e, cT, 
those on opposite sides being kept in a line with one another; 
from each of these ascends a flue d d', etc, to the top of the 
■wall, these channels serve for r^pilating and dire<^iing th« 
current of air through the kiln ; as shown in the sketch, the 
cnrreat is entering at k and passing out at A, since the oIIkm- 
openings at/and g ure stop[>ed by tiles, and thus, bj insert- 
ing the tile / at i, and remoring g to the opposite wail A, the 
direction pf the current will be reversed; and by stopping all 
the.foar openings the entrance of air through this section of 
the kilh is prevented. To charge the kiln, one end is bricked 
np, and'through the other coal slack is wheeled, then watered 
and Btainped' into the bottom of the kiln to tlie level of the 
flues c,c , etc.; stakes of wood are now inserted transversely 
across the kilij ftom each of the openings e,c', I'eaching into the 
openings in the opposite walla Coal is then wheeled in, 
watered, and stamped down as before, nntU the whole space 
between the avails is filled ; the end is now bricked up, and 
the top covered with coal dust or loam, when the stakes of 
wood are wMdrawn, leaving channels tln-ough the mass. Into 
each of th^'lHl|dB on one side of the kilu is inserted readily ir>- 
Jammabl^BjHBRs which are ignited; then supposing these sticks 
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inserted at the side c\ then the damper is placed at y' and in 
/, so as to direct the flame in the direction of the arrow, in the 
course of a few hours the fire will have extended across the 
kiln, the plates are then removed from g and y and placed at 
h and ^, so as to direct the current in the reverse direction; the 
direction of the current is now regularly changed after every 
two to four hours according to the weather, unless the coking 
on one side be observed to be proceeding more rapidly than 
on the other, in which case the flues are kept open longer on 
the one side necessary to regulate the process. In about 
eight days a white flame escapes from the flues, and the pro- 
cess is judged to be completed; the whole of the openings are 
now closed, and in about two days longer the firb will have 
died out, when the end walls are taken down, and the coke 
drawn. 

6L Coking in Ovens. — Coke ovens differ much in their 
size, form, and construction ; the ordinary oven is a circular, 
rectangular, or oval chamber of fire-brick or other refractory 
material^ in which coal is subjected to a process of dry distil- 
lation. The cii*cular or bee-hive oven is a building of about 
10 ft. in diameter at the base, and about 5 ft high. Around 
the floor of the oven a wall about 19 in. high is raised, from 
which springs an arch or dome of brickwork, having an opening 
at its summit which forms the opening for the introduction of 
the coal in charging, and also acts as a chimney during the 
coking operations (the floor of the oven is about 3 feet from 
the ground, so that trucks may be run up to the oven and the 
coke raked out into them); around this structure are built 
four thick walls of rough stone, forming the whole into a 
square block, the comers between these walls and the circu- 
lar building being filled in with sand, rubbish, eta, so as to 
exclude air from the oven, and give greater stability to the 
structure; while in one end of the oven is a doorway or open- 
ing, bricked up loosely during the coking operations, and 
through whicl^ the charge is withdrawn. The charge of 
about two tons of small refuse coal being introduced 
and spread over the floor by iron rakes, the end opening 
is loosely bricked up, so that only sufficient air may obtain 
access to the interior for the conibustion of the volatile 
products ; the oy^n being hot .frqm the working off of a 
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praTiooB charge, decompodtion quickly commeaces, uid in 
two or three hours it is necessary to plaster over the greater 
part of tiie doorway with a mixture of wet soil and sand to 
,check the admission of air, the combustion becoming too 
▼igorous ; and aft«r about twenty-four hourB the door i» 
eiitirely plastered over; in twelve hooiB longer the flame 
which haa been issuing &om the chimney at the top of the 
area disappears, and the chimney is stopped with stones and 
earth ; when, after standing twelve horns longer, the coke is 
ready for drawing. These ovens, when in fire, work con- 
tinnously night and day. 
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V%g. 10 shows at A a front elevation of the chamber of 
one of a range of rectangular coke ovens whilst at B a 
second chamber is shown with tbe door clostng the oven 
removed, and at G is a cross section behind the door of a 
third oven in the same range. Fig. 11 shows a longitudinal 
section of the same ovens. The sides of the ovens open out 
from the back towards the mouth or door a, while the 
bottom also inclines slightly fi-om the back to the fivnt, bo 
that when the coking operation has been completed, the 
whole charge is readily drawn out at once into the space in 
front of the ovens. For facilitating the withdrawal of the 
coke, a drag-bar is placed upon the floor of the empty oven 
before commencing to charge in the coal, whereupon the 
charge of about 4^ tons of small coal is brought in hopper 
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tracks along a ti*am road which runs over the top of the 
ovens for the full length of the ranga The contents of 
the trams are discharged 
through the openings d 
into the chamber of the 
stove. The coal is then 
distributed fairly evenly 
over the bottom, until the 
' oven has been quite filled 
when the apertui*e d is 
closed. The oven being 
hot from the working 
off of a previous charge, 
decomposition of the 
coal rapidly ensues, and Kg. H. — Lonoitudisal Skotion op 
the door a is luted Kkctanoular Coke Oven. 

around to prevent the too free admission of air and the too 
rapid a rise in the temperature. As described in the last 
pai-agraph, during the earlier stage of the process flame 
issues copiously from the chimneys e, one of which is built 
at the rear end of each oven, but the flame becomes less 
luminous, and disappeai's as the process proceeds. The 
progress of the coking is observed through the sight-holes 
at j^ / in the front door, and in the latter stages of the 
process the charge gradually sinks, until after about 70 
hours the coking is completed, when the door a is raised, 
and the whole charge can be withdrawn by connecting the 
end of the draw-bar with an endless chain which runs in 
front of the ovens, and is worked by an engine fixed at 
one end of the range of ovens. 

The coke is still hot, but it is immediately cooled 
by dii'ecting a stream of water upon the mass, and it 
is at the same time broken up by the workman previous 
to its removal from the coke-bank to the blast-furnace or to 
the trucks. 

As noted at page 36, the yield of coke as also its hardness 
and resistance to crushing, are greatest when the temperature 
attained during its production has been highest, and the time 
of coking the shortest ; hence the plans proposed by Cox, 
Brodie Cochrane, and othera, for heating the sit t^ic^q^s^ 
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for the combustion of the gases, and at the same time suit- 
ably admitting and regulating the supply of heated air to the 
top of the oven so as to obtain the highest temperature with- 
out consuming any of the coke itself. 

In the Brodie Cochrane oven the only air admitted to the 
oven first circulates throu^ a series of flues in the circular 
roof of the oven, before it is finally admitted through hoii- 
zontal openings or ports at one side of the oven into the body 
of gas above the charge. The products of combustion; 
etc., then pass out from the opposite side of the chamber by 
a flue to the chimney and without striking the body of coke 
within the oven. 

Cox's coke oven is constructed with the view of retaining 
as much as possible of the heat produced during the coking 
operation, and utilizing the heat so stored up for working oS' 
the succeeding charge. For this purpose the ovens, built in 
two rows back to back, with a chimney between each pair, 
have a double roof consisting of two arches, the one above 
the other, with a space between the two, through which the 
gases pass £rom the coking chamber proper before reaching 
the chimney; on the second or upper arch is placed a consider- 
able mass of sand or grit for still further increasing the mass 
of material to extract the heat from the escaping gases. The 
coking chamber is nearly rectangular, but slightly wider at 
the front end than at the rear, and the floor inclines from the 
back to the front, this form- being adopted to facilitate the 
withdrawal of the coke ; this chamber is bricked up at the 
rear end, and closed at the front end with a movable door, 
swung as an ordinary furnace door; at each side of, but 
exterior to the chamber and opening to the front, is an open- 
ing communicating by a channel in the brickwork with the 
back of the furnace, where three holes open from it into thb 
coking chamber ; these openings are for the admission of air, 
which is thus drawn from the front, but only obtains access 
to the oven after passing along the heated sides to the back, 
whence the heated air entering the chamber passes forwards, 
and then returns through the space between the two arches, 
and so to the stack. The charge introduced at the mouth of 
the chamber or oven is spread to a uniform depth, and the 
door is then closed and luted ; the amount of air drawn 
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through iiie oyen being regulated by a damper in the stack. 
The ooking being com^deted, the product is quenched by 
injecting water into the oven, after which the coke is drawn 
out in one mass by a drag inserted at the chaiging of the 
oven, and which only require^ coupling to an external 
arrangement of mechanism to draw the mass bodily from the 
oven. 

62. Collection of the By-produots from Coke Ovens. — 

Many coke otens such as those described in the previous 
j)ages are still at work, but it will be noted that no provision 
is made in them for the collection of the waste or hy-products, 
tar, oils, amiuoniacal liquors, etc., which are always more or 
less pi*oduced during the carbonization of coal, and which 
are now in most new works collected, and meeting with a 
ready sale, form an additional source of revenue to the cok- 
ing department. It is to be noticed that the high tempera- 
ture and quick carbonization, such as is pursued in gas-works, 
yields' the largest proportions of gas and of by-products, but 
the coke produced is inferior and quite unfitted for most 
metallurgical requirements. On the other hand, the slow 
carbonization carried on in the coke-ovens has for its first 
object the production of a dense, lustrous, and strong coke, 
such as is required for furnace purposes, hence both the pix>- 
portion and the nature of the by-products differ materially 
in the two classes of operations even when operating on 
siniilar classes of coals. 

Of the methods proposed and in practical operation for col- 
lecting the by-products from coke ovens, that of Mr. Jameson 
lias at least the merit of great simplicity, inasmuch as the oven 
may be Constructed practically upon the ordinary bee-hive or 
other type, except tibiat special care should be observed that 
the oven does not draw air from the bottom. For this pur- 
pose it is best to form a foundation 18 or 20 in. beneath the 
bottom of the oven, of some such impervious material as 
cement or pitch, but the material selected must be unaffected 
by the heat at this depth, below the mass of heated coke in 
the oven. Upon this foundation the ordinary oven is con- 
structed, except that in the centre of the bottom there is 
formed a shallow well, from which radiate towards the cir- 
cumference of the bottom, a number of chanii<&\& ot ^^xsco^. 
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the well and channels being each covered with perforated 
quarls. The well itself is connected with a series of pipes, 
mains, and a condensing apparatus, thr6ugh which the gas 
and by-products are drawn by the gentle suction of a faxL, 
blower, or engine. In the suction pipes thus arranged the 
taiTy oils and ammoniacal liquors collect in considerable 
quantity, whilst the gases may be passed forward and burnt 
under steam boilers, or, as in tl\e Otto arrangement, the gas 
may be returned to the oven for combustion, after having 
passed tlirough the condensing apparatus. 

The coking operation thus proceeds with the Jameson 
arrangement exactly in the opposite direction to that which 
goes on in the ordinary b^hive oven, for in the latter 
the gases and vapours all rise to the surface of the charge in 
the oven and there suffer decomposition, whilst with the 
Jameson arrangement the gases and vapours descend and 
escape from the bottom of the oven through the suction 
apparatus. It is necessary accordingly that the suction be 
only gentle, and always insufficient to draw air through 
the mass of incandescent coke or coal within the oven, other- 
wise considerable loss in the yield of coke may result. 

Other methods of collection are desciibed in conjunction 
with the Simon-Carves and other coke ovens. 

63. The Simon-Carves Coke Oven. — In this oven the 
coal is carbonized at a high temperature in comparatively 
thin layers. The ovens are closed chambers heated from the 
outside by the combustion of the gases generated within the 
ovens themselves, and for this purpose the gases are burnt 
within a series of flues, which traverse along the sides and 
beneath the bottom of each coking chamber. No air enters 
the oven, and thei*e is thus no loss of coke from combustion 
at the surface of the charge, and the yield of these ovens is 
for these reasons about 15 per cent higher than is produced 
in the ordinary bee-hive ovens. 

The Simon-Carves ovens, figs. 12 and 13, consist of loii|(, 
high, and narrow brickwork chambers K. These are built 
together in groups, with horizontal winding flues A. A., formed 
in the division walls. The flues A. A. communicate, as 
shown by the arrows in fig. 12, with two horizontal floes 
B.B., which pass beneath the bottom or floor of each eham- 
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ber. The flame aod prodocts of combustion from the fire- 
place C first traverse the bottom flues B.B., and then ascend 
to the nppermoBt of the side fines A.A.; from thence they 
circnlste backwards and forwards along the sides of the 
coldng chamber until they finally pass out, as shown, to the 
flue F, which conveys the gases eitiier under steam boilers or 
direct to the chimney. At one end of each oven, and beneath 
the floor level, is a fire-grate with ite ash-pit m. The fire- 
grate is dosed by doors, and the gases resulting &om the 
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distillation of the coal within the oven after having been 
drawn ofi* through the aperture £ and the valve O, are 
separated m the condensers, etc , from the tarry-oils and 
ammoniacal bqnon with which they are accompanied. They 
ai-e then returned to the ovens and admitted to the fire- 
place through a nozzle introduced into the fire-door from 
the pipes n. The gases are thus at once ignited as they pass 
over tJie burning fuel on the fire-bars, and the resulting Same 
I the bottom and sides of the oven in th« ttwi\^«ic 
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already indicated. The fire on Qie hum C serroa cnlj to. 
ignite tlie gaaes as tikey enter the ooke oven flues, and hence 
the grate only requine firing about once in 12 houra. Re- 
cently the temperature of the oven has been further iMreased 
by introducing heated air (heated by the vtsbo beat of the 
flues) for the contbustioit of the gases around the oven. 

The oobI for ccting m 
brought totbeovens in hopper 
trucks T, T, and ia chuged 
into the oven in ^e same 
manner as with the be»-hive 
oven, through holea H in the 
roof (rf the same. When the 
total charge has been thus 
introduced the chaining holea 
H are closed by covers, which 
are then luted down. Tlie 
doors closiug the ends of the 
ovens &re also carefully luted, 
to prevent the admiaaion of 
air during the coking proceaa 
The separation of the tar 
and ammoniacal liquors from 
Fig. 13.— Feont Elkvation *nd the volatile products pro- 
CROSs-BEcnoNa of Simos- duced during the corboniza- 
Oarvbs Cork OvsH. tion or distillation of the 

coal is efiected in these ovena by drawing off the g^ses from 
the ovena by an exhauster through the pipe E, Hud then 
paaaing them through a aeries of pipes cooled by water. In 
these pipea the oils and condensible products are deposited, 
whilat in pnsfdng through scrubbers filled with moifiteneil 
coke the ammoniacal liquors are separated (the ammoniacai 
compounds after conversion into amnionio sulphate are sold 
for artificial manure). The uncoodensed combustible gasea 
pass onwards, however, from the scrubbers, and are retumeil 
for combustion in this case by the pipes n to the ovena them- 
selves, whilst the piyiducts of their combustion are Mubse- 
quently paaaed forwarda and are uaed for raising steam, etc. 
64. Appolt Coks Oven— In this oven, es in the Simon- 
(Jarvte laMt deaciibed, and in the Coppee oven described in 
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tiie next article, the gases from the ovens are burnt oh the 
outside of the coking retort or chamber, instead of in the 
inside as with the older form of bee-hive, rectangular,' Cox's, 
and other ovens. 

The Appolt oven is chiefly in use on the Continent, where, 
as in Belgium, such ovens are built with 18 compartments in 
each block, and the ovens then yield about 16^ tons of coke 
or 80 per cent of the coal introduced during the day of 24 
hours. For use in these ovens the coal before coking is care- 
fully crushed and washed for the separation of sulphur and 
phosphorus. 

The Appolt oven, as just stated, consists of twelve or 
eighteen vertical retorts, chambers, or ovens of brickwork, 
arranged in two rows of six each ; each oven is surrounded 
by an air-space of from 7^ to 10 in. in width, and the cham- 
bers themselves ara taper, measuring about 1 ft. 1 in. by 3 
ft 8 in. at the upper end, and 1 ft 6 in. by 4 ft at the base 
or lower end ; each retort is provided with a cast-iron door 
it the bottom, serving to close its lower end, and which 
door opens downwards into an arched vault or chamber 
running the whole length tuider each row of six retorts, 
into wluch the coke falls when this door is allowed to fiEdl 
open at the end of the coking operation. The twelve retorts 
of this oven are contained within four walls of brickwork, 
between which and another massive brick wall, forming the 
exterior of the whole kiln, is a space filled up with loosely 
pulverized non-conducting matter, which allows of the ex- 
pansion and contraction of the brickwork within as the coking 
operations proceed. The air-spaces surrounding each of these 
vertical chambers communicate with one another, forming 
one large divided chamber which also communicates, by 
means of openings left in the brickwork, with the interior 
of the retorts themselves ; the gaseous and volatile products 
of the decomposition of the coal obtain in this manner access 
to this outer chamber, where their combustion is efiected by 
admitting atmospheric air through holes in the outer sides of 
the kiln or oven ; the products of combustion passing along 
flues left in the long side walls of the oven to the stacks, of 
which there is one to each row of six retorts. 

The oven being heated from a previous charge, the coal ia 
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introduced at the top, the cover of the oven is then luted on 
with clay or coke dust ; decomposition is immediately set up 
by the contact of the coal with the heated walls, and the 
gases escaping into the surrounding chamber are there 
burnt, the heat thus developed being sufficient to maintain 
the temperature of the oven sufficiently high to carry on the 
carbonization or coking continuously. In twenty-four hours 
after introducing the charge the carbonization is complete, 
the coke is drawn from that compartment, and the compart- 
ment or retort immediately recharged. If the oven is not 
already heated from previous working, it is necessary to 
insert temporary bars into the bottom of each compartment 
or retort and introduce a moderate fire, which is kept up for 
eight or ten days; the gases pass through the air-spaces, and 
so heat the walls of the oven; after this time the oven has 
attained the proper temperature of 1200° C. to 1400° C. and 
is ready for dbarging with coal for the coking process. 

In this oven it will be noticed that the products of com- 
bustion are burnt on the exterior of each compartment, and 
not in the interior of the vessel, as in Oox*s and most other 
coking retorts. 

65. Coppee Coke Oven. — This oven is much like the 
Appolt oven, except that instead of the tall vertical retorts of 
the Appolt arrangement, the Coppee chambers or retorts are 
long and narrow but high, and are built horizontally. The Cop- 
pee chambers each measure about 29 feet 3 inches in length 
by 17 inches in width and 4 feet in height, for ovens in which 
the coking is completed in 24 hours; but they are made 
somewhat wider and higher when 48-hour charges are to Ibe 
worked. In all cases the ovens taper from back to front in 
order to facilitate the withdrawal of the charge of coke. 
These ovens are built in ranges or groups of about 30 each, 
as shown in fig. 14, but they are coupled and worked to- 
gether in pairs. Each chamber is fitted with two doors at 
either end; of these, the lower ones h measure about 3 feet 
in height, whilst the upper ones I are only 1 foot in height. 

The chambers A,A', whilst still hot from the last chsurge, 
are each charged as rapidly as possible with about 3 tons of 
UKuhed and ciiished small coal, introduced from hopper 
trucks through three openings in the roof of each retort 
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The cba^e ib disti-ibiited imifoi-mly over tLe bottom by rods, 
which the vorkman introduces through the upper end 
doors of the ovens. The coke is withdrawn from each retort 
of every pair A, A', and the retort recharged with coal when 
die chat^e in the other retort of the aame pair is about half 
coked. After charging a retort, the openings in the roof 
are covered over with suitable covera, which are then luted 




Pig. 14. — Elbvatios Ain> Transverse Skotion of the Cuppik 
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'm-ound the edges, whilst the end doora are also all carefully 
luted around to prevent the admission of air to the fuel 
within the oven. Distillation at once ensues, and the 
'volatile products pass out front the coking chamber through 
s series of 28 openings a, a' in the roof of each chamber, 
'aod descend by a corresponding number of vertical flues 6, V. 
Standing over the vertical fines 6, 6' is a sort of c^^mms^ 
19—1. \. 
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€f e\ contracted towards its lower end, and fitted with damper 
valves for admitting and controlling the admission of air 
for the combustion of the volatile vapours and gases from 
the ovens A,A' within the flues 6, b\ The flame and pro- 
ducts of combustion from the pair of ovens A, A', after descend- 
ing through the flues b, b\ enter through a number of short 
cross flues, as shown by the arrows, into the horizontal flue 
dy which passes under the bottom of one only of the ovens, 
A. Here the products evolved from two ovens A, A' of 
one pair are therefore mixed, and the more volatile hydro- 
carbons evolved from the coal at the lower temperature of 
the oven last charged, are thus raised in temperature by 
admixture with the more strongly heated products from the 
other oven, and they are thus the more eflectually consumed. 
The gases then pass from the flue d through two cross flues, 
built at one end of the longitudinal flue <f, into the corres- 
ponding flue d under the bottom of the second chamber A' 
of this pair of ovens. The gases traverse the flue d^ in the 
opposite direction to that which they pursued through d, 
and finally the products enter through two short vertical 
flues e' into the main flue F, which serves to carry off the 
gases from the whole of the ovens in the block to a chimney 
at one end of the same. Flues e corresponding to the flue 
e just described, but under the ovens A of each pair, are 
kept closed by fire-clay tiles, except when one of the ovens 
is under repairs, etc. The passage of the gases from the 
ovens to the main flue F is controlled by movable tiles, 
which act the i>art of dampers or valves. 

In the Goppee ovens a large surface of ground coal is thus 
exposed to a high temperatui-e in a system of retorts or 
chambers, each heated from its outer surface by the circula- 
tion ai'ound the sides and beneath the bottoms of the retorts, 
of the flame and gases pi-oduced by the combustion of the 
volatile products of the distillation of the coal itsel£ Each 
pair of ovens is principally heated by the combustion of the 
volatile products produced from the coal that is being coked 
in the same pair. The heat in these ovens can be got up 
rapidly, the coal is pretty uniformly heated throughout, and 
the coking operation, producing about two tons of coke per 
oven, is completed in each oven in about 24 hours. 
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At Ebbw Yale, where these ovens have been erected, 
the combustion is carried on as above described, by the 
admission of air to the flues b only, but the Coppee Coke 
Oven Company in their specifications propose to admit also 
a regulated small proportion of air into the top of the 
retorts themselves, so that the combustion would be then 
partially effected within the retorts and partially in the 
external flue& 

For the better preservation of the ovens, cooling flues 
pass beneath the horizontal flues d, d\ and through ^ese a 
current of cold air is dnCwn by a separate stack at the end 
of the range of ovens. The top of the ovens is also covered 
(to prevent too much loss of heat by radiation) with a thick- 
ness of about 18 inches of clay, upon which bricks are then 

66. Waste Oases of Coke Ovens. — These gases consist of 
carbonic anhydride (CO2), carbonic oxide (CO), marsh gas 
(OH J, hydrogen (H), and nitrogen; the proportions of which 
vary at different periods of the coking process, but the nitro- 
gen averages about 80 per cent, of tibe total volume of the 
gases, carbonic anhydride from 10 per cent, to 12 per cent, 
carbonic oxide from 2 to 5 per cent., hydrogen from 1 per 
cent, to 6 per cent, and marsh gas about 1 per cent; the pro- 
portions of hydrogen, carbonic oxide, and marsh gas, appear 
to decrease tows^ds the end of the operation, while the 
nitrogen increases in quantity during the same period. The 
evolved gases, etc., are often utilis^ in the generation of 
steam, by passing them for combustion under the boilers. 
In other arrangements, as in the Simon-Carv^ the Coppee, 
the Appolt, and other coke ovens, arranged in a similar 
manner, the gases are burnt to heat the ovens themselves 
before passing to the boilers. 

67. Coking of Non-Caking Coals.— The process of making 
coke from non-caking coal slack, by first mixing it with coal- 
tar, pitch, etc., has been patented on several occasions. The 
eoal (non-cakhig, as anthracite, eta) is broken into small 
pieces, washed and mixed with one-fourth of its weight of 
ooal-tar or pitch, and then converted into coke either in piles 
or ovens. 

Coke may be obtained from non-caking coals rick m o'x.'^^es!^ 
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by heating them rapidly to a high temperature, but on the 
large scale no economical method of getting up the tempera- 
ture with sufficient rapidity has been devised. A good coke 
may be obtained by coking a mixture of non-oaking coal 
slack and caking coals togetiier. Attempts have been made 
to coke non-ca£ng coals by mixing 1 ton of pitch with 4 
tons of coal and then coking, but the coking operation is 
irritating to the eyes of the workmen. 

68. Patent Fuels. — ^Numerous patents have been taken 
out for the utilization of coal slack and coaly matters of 
various kinds ; in one process the small coal is tipped into 
a chamber or kind of fiumel, fix)m whence it passes to a die- 
int^prator or mill, from which it is received by an elevator 
and passed to a hopper and onwards to a pug mill, where it 
is mixed with a mucilage consisting of 8 lbs. of farina to 1 
lb. of carbolic acid ; the mixture being then coked in ovens. In 
another and more recent patent the coaly matter is mixed 
with about 5 per cent, of clay, the mixture is pressed into 
large bricks, tiiiese placed to saturate in a solution of resin in 
benzin, and after withdrawal require only to be dried. 
Eecent experiments have been made to utilize peat by mixing 
it in a state of powder with small coal and sawdust^ and 
then pressing the mixture into blocks. 

A Belgian patent fuel, the Anzin, is composed of about 91 
per cent, of coal-slack, with 9 per cent of pitch. Such a 
fuel yields about 7 per cent, of ash and 1 per cent, of mois- 
ture, whilst its heatmg power is reported to be equal to that 
of ordinary coaL 

69. Sulphur in Coka — For those operations in which the 
fuel (coke) is burned while in contact with the metal, as in 
the cupola for melting iron, etc., it is often necessaiy that 
the coke be as free as possible from svJ^hur. If the coal, 
previous to coking, contains iron pyrites (FeSg), as is fre- 
quently the case, tiie effect of the coking operation will be to 
reduce this compoimd to the protosulphide of iron (FeS), which 
will remain in the coke imless removed by some frirther 
treatment. For this purpose, before drawing the coke from 
coke ovens, or immediately after drawing, and while the 
coke is still red hot, it is a usual practice to throw a con- 
siderable quantity of wat<er upon the mass; when with sul- 



C4L0EtF10 FOWUt OF FUSU 53 

plrarcNia coke, ilie odour of salphuretted hTdrogoii (SH^ 
will bo unmediAidj obmrred, Ui^ sulphido of iroii in ooo- 
teei with Tapour of irater sufiaring deoompofiitioii at a red 
Imkt^ in ihi8 nuoiner a partial remoTal of the sulphur 
firom the coke is ^footed; in other caaes the bottom of 
tiift oTon has beeai fonned of open ban, to admit of the intro- 
duction of superheated steam dunn^r the ooking, with the 
iriew of ranoTing the sulphur; but obviouslT this can only 
^f«]r partiaU J succeed, except with exceedinglj porous cokb 
or diarooal, whidi will allow of their free permeation by the 
steam, also if an ezceea of steam be introduced it gives lise 
to a loss of carbon, the steam at this temperature being de- 
conqpoeed by the coke. The use of common salt (NaCl) hns 
beoDi patented for the dmufykHrwUicn of coke, in which 
process tiio ooal for coking is mixed with common salt, wh^u 
on coking the sulphide of iron (EeS) is decomposed with tLe 
conTwsion of the iron into chloride, which, in contact with 
n^MMir of water at a high temperature, is resohred into 
hyorodilorio acid and oxide of iron. 

70. Cslorifle Power of FiieL — ^The calorific power of a 
bo^ is an expression indtoatiog the number of parts^ by 
wdght of wat»v whidi can be raised throu^ one thenno- 
metric d^ree by the combustion of one pari, by wei^t^ of the 
substance. The unit of wei^t employed is immaterial, it 
mi^ be a grain, gramme, pound, or a ton ; but in order that 
the figures fiur difierait substances may be compared with 
each other, it is necessary that the water be always raised 
from the same temperature, since the amount of heat re> 
qpred to raise 1 lU of water from 0^ to V(X is not the same 
aa is required to raise the same wdght from 100*^01 to 101^ 
Eor the comparison of the calorific heats of fuels, the amount 
of wator which mm part by wei^t of corftoN, in the form of 
porified wood charcoal, in bunnng to the state of earftonto 
mmk^drid^ can raise through l^^Q— vii., from O'Xl to PQ, 
m tikiKDt as the standard of comparison, and this is found by 
direct experiment to be 8080 units, tL«;« one part by weight 
of earboQ in burning to its highest state of oxidation, via., 
c«ir6o9nc anhjfdride generates an amount of heat sufficient to 
raise 8080 parts of water from O'^a to VC. In like manner, 
one part by weight of hydrogen on its combustion with 
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oxygen to form water, generates heat snfficient to raise 
34,462 parts by weight of water from O^'C. to I'^C. 8080 and 
34,462 are then the calorific powers of carbon and hydrogen 
respectively, from which it appears that hydrogen has a 
calorific power 4*265 times as great as carbon.* 

Berthier estimated the calorific power of a fdel by heating 
it with protoxide of lead in a crucible from which he excluded 
the atmosphere carefully, when, the reduction being com- 
pleted, the weight of the resulting button of lead ^labled 
nim to determine the amount of oxygen which had be^i 
ooDSomed by the fuel in its combustion ; then assuming that 
the calorific powers of bodies were proportional to the 
amounts of oxygen required for their combustion, he was 
enabled to obtain a comparison between the different fuela 
The latter supposition, as exemplified in the case below, of 
carbon burning to the state of carbonic anhydride and car- 
bonic oxide respectively, has been shown not to hold, and 
accordingly the method is not reliable. 

The calorific power of carbonic oxide (CO) when burnt to ear- 
bonio anhydride (COj), as determined by Favre and 8ilherman 
is 2403 units; the amount of carbon in carbonic oxide s ^ = ^ 
of its weight, hence to supply 1 lb. of carbon will require J 
lbs. of carbonic oxide, and therefore 1^x2403 = 5607 units 
will represent the amount of heat generated by the com- 
bustion of a quantity of carbonic oxide containing the unit 
of weight of carbon. But one part or unit of carbon in 
burning to carbonic anhydride generates 8080 units of heat, 
hence in burning to the state of carbonic oxide, it generates 
only 8080 - 5607 » 2473 units of heat; that is, the calorific 
jwwer of carbon, when burned only to carbonic oxide, is Use 
than one-third of what it is when bulged to its maximum 
state of oxidation, carbonic anhydride. 

The calorific power of a compound, as determined by ex- 
periment, is in general less than the sum of the calorific 
powers of its elements, with the exception of olejlant gas 

* If the increment of temperature be taken as VF,, {.e., £rain 
82*F. to 33*F. instead of from 0*'O. to TC, then the numbers repre- 
senting the oslorific powers require to be increased in the proportion 
^ to 5, or the oalorifio powers of carbon and hydrogen become 
14,544 and 62,031*6 respectively. 
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(C^HJy which gives the same figure bofch by calcuhition aiid 
experiment : all other hydrocarbons follow the general rule. 
The calorific power of marsh gas (CH^) is found by experi- 
ment to be 13,063, as against 14,675*5 calculated from its 
composition. 

The caloiific power of a fuel depends upon the amount of 
combustible carbon and hydrogen which it yields. In the 
calculation of the heat-giving quality of a fuel containing 
carbon, hydrogen, and oxygen, the latter element is usually 
considered to exist in combination with an amount of 
hydrogen sufficient to convert it into water, and therefore 
it is only the excess ofccvrhon and hydrogen after this deduc- 
tion that is available for the generation of heat on the com- 
bustion of the fneL Thus, to calculate the calorific power of 
dry wood, the average ultimate analysis of which gives 
approximately — 

Carbon . , = 50 

Hydrogen . . = 6 

Oxygen , . = 41 

Nitroj^n and Ash = 3 

Too 

Each equivalent of oxygen requires -J^th of its weight of 
hydrogen for conversion into water, hence the 41 of oxygen 
will require ^ = 5*01 of hydrogen for its conversion into 
water, which amount is therefore lost for the generation of 
heat, and the amount of hydrogen available for the produc- 
tion of heat is only 6-5 = 1 per cent. 

Hence on burning 100 parts of this dry wood the 

Carbon would generate • . 50 x 8080=404000 units of Ht. 
Hydrogen in excess would generate 1 x 34000= 34000 units of Ht. 

Total, ^38000 units of Ht. 

From this sum requires to be deducted the amount of heat 
rendered latent by the water supposed to pre-exist in the 
wood, owing to its containing oxygen = 41 + 5 = 46 per cent 
of the wood, as also of the amount generated by the com- 
bustion of the one part of hydrogen existing in excess, and 
equivalent to 1 + 8 = 9 per cent., or altogether there are 
55 parts of water per 100 of the fuel to be heated at the 



^^ MBTALLUK67. 

expense of the heat of combustion ; die latent heat of water 
IB 537^0., therefore the heat rendered latent by the water 

= 55 X 537 = 29y500 units of heat, thus the available heat, 
excluding the nitrogen and ash, in 100 parts of the fuel 

= 438,000 - 29,500 = 408,500 units; hence the calorific power 
or heat evolved on the perfect combustion of one part by 
weight of this fuel is 4085 units. If the fuel be not thoroughly 
dessicated, but contains a sensible amount of hygroscopic 
water, then in addition to the latent heat of the water 
calculated as above, it will be necessary to deduct the heat 
rendered latent by this hygroscopic water. 

Erom these calculations it is obvious that the ffreater the 
amount of oxygen contained in a fuel, the smaller will be 
its calorific power, since its presence not only directly reduces 
the actual percentage of carbon and hydrogen present in tiie 
fuel, but also renders a proportion of these heat-giving elee 
ments unavailable for the generation of heat. 

Although the statements of the preceding paragraphs, 
upon the calculation of the calorific power of a fuel, approxir 
mate very closely in most instances to the actual results ob- 
tained by experiment, yet the formul« do not completely 
accord with theoretical considerations, inasmuch as it will 
be observed that no cognisance ia taken of tho energy 
(representing heat) absorbed or developed, as the case may 
be, during the decomposition of the compounds of carbon, 
hydrogen and oxygen constituting the proximate constituents 
of the fuel, either previous to, or at the moment of the 
combustion of these compounds ; neither is any note taken of 
the work expended in the conversion of the water from the 
solid state, in which it is presumed to exist in the fuel, into 
the gaseous state; nor yet of the work of evaporation. 

The following, as determined by experiment, are the 
calorific powers of the bodies mentioned, in centigrade 
units or calories : — 

Carbon, in buminfi; to oarbonio anhydride, develops 8080 calories, 
or units of heat. 

Carbon, in burning to carbonic oxide, develops 2473 calories, qr 
units of heat. 

Carbonic oxide (CO), in burning to carbonic anhydride (CO,), de- 
velops 2403 calories, or units of heat. 

Hydrogen, in burning to water (OH,), develops 34^462 calories, or 
units of l.eat. 
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Ma/rah gas (CH4), in boming to carbonic anhydride (CO,) and water 
(OH,), develops 13,063 calories, or units of heat. 

Phofiphorus, in burning to phosphoric anhydride (P,Ob), develope 
5747 calories, or units of heat. 

71. Calorific Intensity. — The calorific intensity, thermal 
effect, or dctucU temperatu/re of the products of combustion^ 
does not depend enllrely upon the amount of fael consumed, 
or the calorific power of the fuel, but involves the considera- 
tion of the weight and nature of the products of combustion, 
as also of the rapidity and facility with which the fuel 
bums ; thus in the blast furnace the products of combustion 
are the same whether Iwt or cold blast is employed, but the 
calorific intensity is mvxih greater in the hot blast from the 
more rapid combustion efiected. The heat generated in 
combustion being in every instance first communicated to 
the products of combustion, usually gaseous, it is evident 
that as the specific heats of gases and vapours differ, so the 
temperature of these products will vary with their composi- 
tion. Thus, if pure carbon be burned in oxygen, of which 
it requires for its combustion 2*67 times its own weight, the 
product is 3*67 times its weight of carbonic anhydride, and 
the heat of combustion is used for raising the temperature of 
this gas. Now one part by weight of carbon on perfect com- 
bustion generates heat sufficient to raise 8080 times its 
weight of water from 0°C. to 1°C., or 3*67 times its weight 
to %9^^ = 2201-63"C. Hence if the capacity for heat of 
carbonic anhydride and water were the same, the product of 
combustion should have a temperature of 2201 '63°C. at the 
moment of its production; but taking the specific heat of 
water at unity, then carbonic anhydride has a specific heat of 
•2164, hence the temperature of the 3*67 parts by weight of 
carbonic anhydride generated by the combustion in oxygen 
of one part by weight of carbon would have theoretically 
at the moment of its production a temperature of -Tj-^f- = 
10173*6°C., thus the maximum theoretical temperature or 
calorific intensity of carbon = ^.^2 TmrT'^ 10173*6°C. 

If, as in the case of hydrogen, the product of combustion 
be a condensible vapour, it is necessary to deduct from the 
<Mloritic power of the combustible elements the amount of 
heat rendered latent by the vapour, or necessary to I'etain 
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the product in the vaporous form, and in the combustion of 
hydrogen an allowance requires also to be made for the dif- 
ference between the specific heat of water (=» 1) and that of 
steam ( = 0*4805), between 0°C. and 100°C., since the initial 
temperature has throughout been considered as FC, and there- 
fore at lOO'^C. a deduction of (1 - 0-4805)100 = 51-95 thermal 
units requires to be made for each unit of water, as in 
the following example of the combustion of hydrogen in 
oxygen : — 

Heat Units. 

Total heat of combustion of a unit of hydrogen = 34462 

Heat rendered latent by the water vapour pro- 
duced on its combustion = 9 x 637 = 4803 

Specific heat of water vapour =0*4805 

Deduction for difference in specific heat of 
water and steam from O'C. to lOO^C. 

= {(1 - 0-4806)100}9=467-55 

^ , .^ . , ... ,, , 34462 -(4833 + 467 -55) 
. •. CaXonfic vnlensity in case of hydrogen = o aVJqak 

=6743-5'*C. 
Thus, although the calorific powers of carbon and hydrogen 
are respectively 8080 and 34,462, the calorific intensities Am 
10,173-6°C. and 6743-5°C. respectively, showing that though 
hydrogen has much the higher calorific power, that its 
calorific intensity is much below that of carbon, and thus 
where intense local heat is required, a fuel containing a 
large proportion of carbon with a small amount of hydrogen 
is preferable 

If the fuel be consumed in a mixture of oxygen and nitro- 
gen, as in atmospheric air, then if 

T= increase of temperature produced by combustion. 
C= amount of carbon in one part by weight of the fuel. 
H = amount of hydrogen available for the generation of heat in 
one part by weight of the fuel. 
8*67 C will be amount of carbonic anhydride produced by the com- 
bustion of the carbon. 
9 H=the amount of water produced by the combustion of the 
hydrogen. 
Z= latent heat of water =5.37. 
j^ a', «"= specific heats of carbonic anhydride, water vapour, mod 
nitrogen. 
N= quantity of nitrogen in the amount of air containing tha 
neeessary oxygen for combination with one part by weight 
of the fuel, so as to yield carbonic anhydride and water. 
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(2= difference between the speciiio heat of water and steam 
from O'C. to 100°C.-(1 -0-4806) 100 =51 '95 thermal units. 
^ 8080C + 34462H-9Ha+d) 

If any solid inert body, as ashes, etc., be present in the fuel, 
its amount, multiplied hy its specific heat, should be added 
to the denominator of this last equation. 

These calculations of the theoretical calorific power, and 
of ihe calorific intensity of fuels, are made, for the sake of 
simplicity, upQn the assumption that the pressure of tJie 
geunes is kept constant, that is, that the gases and products of 
combustion are free to expand under the ordinary atmo- 
spheric pressure of 760 m.m. of mercury. 

In all cases the thermal effects above indicated are con- 
siderably in excess of those produced in our furnaces, since 
a very considerable excess of air is always introduced, and 
the heat of the fuel is accordingly distiibuted over a much 
greater "weight of gas than is i-equired for the perfect com- 
bustion of the fuel, with a consequent cooling effect. Other 
sources of loss in calorific intensity are due to the presence 
of inorganic matter or ash in the fuel, to loss from radiation 
and conduction by the material of the furnace, and lastly, 
from imperfect combustion, due to the burning of coals in 
thick layers, or with an insufficient supply of air at the 
proper periods, when a large amount of carbon is only oxi- 
dized to the sl^te of carbonic oxide with the c(»Tesponding 
loss of heat previously indicated. 

Further, the high calorific intensities just indicated are ' 
not practically attainable, owing to the dissociation (see 
p. 18) of the gases, which takes place at temperatures con- 
siderably below those just quoted as the theoretical calorific 
intensities of carbon and hydrogen respectively. The tem- 
perature of dissociation accordingly furnishes one limit to 
the heat attainable in metallurgical operations under the 
most favourable furnace conditions. 

72. Selection of Fuel. — ^The quality of a fuel, as an eco- 
nomical source of heat, cannot be determined entirely from 
the chemical analysis and the theoretical computation of its 
calorific power as based thereon, since much of its value will 
depend upon the manner in which it bums; whether it boils, 
swells up, and agglutinates together to an exce^\\^ ^<b^^<^^ 
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preventing thereby the free passage of air through the burn- 
ing mass, and necessitating therefore continued stirring with 
its attendant loss; or whether the fuel lies loosely on the 
bars during combustion without an undue amount of this 
pasty cohesion, allowing the air to permeate it freely, and 
thus to consume the coal more completely. To the former 
class belong the soft bituminous coals, which contain but 
little ash, while to the latter class belong some of the harder 
and poorer coals, which thus, from their manner of com- 
bustion, compensate for their deiiciency in carbon and 
hydrogen as compared with the former. 

Liquid fueU, like petroleum, etc., consist almost entirely 
of carbon and hydrogen, whilst the fatty oils, methylated 
and other spirits, contain carbon, hydrogen, and oxygen, and 
although some of these are applicable as fuel for boiler pur- 
poses, yet none of them are as yet of avail for metallurgical 
operations. 

73. Economy in Fuel. — A considerable economy in the 
item of fuel for certain operations, as in puddling and 
reheating furnaces, has resulted from the use of gaseous fuel 
and the introduction of regenerative gas-fwrnaces under 
various forms. These appliances utilize the poorest classes 
of fuel, as coal slack, coke dust, peat, or lignite. The use 
of revolving puddling furnaces, as those of Danks and 
others, are also attended with an economy in fueL The 
consideration of these furnaces will be found under the 
subject of " Iron." 

hy the introduction of the " Bessemer Process " for the 
manufacture of steel, a saving in fuel has been effected esti- 
mated at a million tons of coal annually. 

74. Gaseous Fuel. — The use of gaseous fuel for many 
metallurgical operations has been attended with results of 
the highest value, for not only is there a saving effected by its 
use in the weight of coal consumed and the price per ton of 
the fuel used, but also in the iron industry its use is attended 
by an improvement in the quality and yield of the iron or 
steel ; and even where the desideratum has been the produc- 
tion of the highest temperatures the advantages have been 
most marked. For the latter purpose the air, and very gene- 
rally both the gas and air before they are brought together 
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ill the combustion chamber of the furnace, are first heated 
by passing them through heated flues, or through chambers 
tilled with a chequer-work of fire-bricks, such as is afforded 
by the Siemens' (p. 174), the Ponsard (p. 199), or other form 
of regenerator to be subsequently described. The use of 
gaseous fuel puts the heating operations more under control; 
smd for reheating purposes more regular and uniform heats, 
irith less waste of metal, are the results of its use. 
" The gaseous fuel employed in metallurgical operations is 
usually produced either by the distillation of inferior classes 
ci coal, coal-slack, peat, sawdust, etc., or by the incomplete 
combustion of these substances. The last-mentioned process, 
carried on under special conditions, such as prevail in the 
Siemens', the Wilson, and other gas-producing apparatus, 
yield a producer or generator gas, in which carbonic oxide (C O) 
is the principal combustible gas ; whilst the first-mentioned, 
or method of destructive distillation, yields the gas used for 
lighting and certain heating purposes, and depends for its 
heating qualities principally upon the presence of various 
hydrocarbons and of free hydrogen in the gas. 

75. Producer Gases. — ^llie combustible gases arising from 
the producer consist of variotis hydrocarbons^ the products of 
the distillation of the coal in the upper portion of the pro- 
ducer ; with carbonic oocide, resulting from the reduction by 
carbon of the carbonic anhydride, which is the first product of 
the combustion of the fuel at the fire-bars. Each volume of 
carbonic anhydride, in ascending through the producer, passes 
lyrer the heated mass of coke or carbonaceous matters formed 
in the upper parts of the producer, and there combines with a 
farther proportion of carbon, yielding thereby two volumes 
of carbonic oxide, thus COg + C = 2 CO. Hydrogen is also a 
constituent of the producer gases. It results from the decom- 
position of the water introduced in small quantities into the 
ash-pit of the producer, the steam from which rises, and in 
passing over the incandescent fuel yields, as just stated, 
carbonic oxide and hydrogen, thus OHg + C « CO + 2H. 

Of the combustible gases just mentioned, carbonic oxide 
forms about 25 per cent., hydrogen about 12 per cent., and 
marsh gas CH^, about 2 per cent, of the gases produced in the 
Siemens', Wilson, or other gas-producers. Combustible gaaea 
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tlina, in the aggregttte, fiirm at)Oot 40 pet- cent of the gum 
which e«cnpe from the prodiicer, the remaipitig 60 per cent, 
being princijiall^ nitrogen, with abont 4 per cent. (^ car- 
biHiic anhydride COj. TLe exact proportions of the Bereml 
gasefl vaty, not only with the qnalitj and natore of the 
fuel, bat also with the management of the prodacer itielf ; 
thas, hy a proper adjustment of blast, the producer works 
hotter, and the proportion of hydrocarbons in the producer 
sane* w diminished, while the proportion of carbonic oxidr 
II increased. 




\ Pair of Siembnb' 



70. Biemeiu' Prodacera. — The SUmetu' Gag-produeert ore 
ohambera of lire-brick A, in which the two sides and back 
walls are approximately vertical, whilst the frost ude a is 
inclined nt an angle of about 60", and at the foot of this 
slo]>e is the grate b of fire-bai-s, which slojie from the tmat to 
the back, and rest upon suitable bearers t, t. The fuel is 
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supplied from the hopper c through an opening in the arched 
roof of the producer. The hopper is kept well charged with 
fuel, which is admitted as required into the chamber of the 
producer by the withdrawal of a slide in the bottom of the 
hopper. The charging or feeding is thus effected without 
oi)ening the chamber to the atmosphere during the charging 
penod. Small openings E, closed hy a cast-iron ball or plug, 
]»ermit of an inspection of the interior, and of the insertion 
of a bar to distiibute the fuel as required. In the centre of 
each block of four producers is built an uptake F, divided up 
to the level of the dampers G, G, by partition walls into four 
flues, one of which communicates with each producer ; but 
above the dampers G the uptake forms one common passaga 
From the top of each uptake is a wrought-iron cross-tube H 
connected with the main gas tube, or, as it was formerly 
called, the cooling tube, and which thus connects the whole 
of the producers of a range. There are four dampers G, G, 
in the uptake F, which can be inserted as requii'ed to close 
the communication between any single chamber and the 
uptake, as this becomes necessary for repairs, cleansing, ete., 
without necessitating the stoppage for these purposes of the 
whole range of producers. At the free end of each cross- 
tube H it is usual to hang a door K, in the manner shown, 
and which thus acts as a safety valve, flying outwards (if 
from the admission of air), any alight explosion arises within 
the gas tube, but closes immediately afterwards in virtue of 
its own weight. A little water is often introduced into the 
producer ash-pit below the bars, which is evaporated by the 
heat from above, and the steam thus produced ascends, and, 
besides cooling the bars, it is decomposed on its passage 
through the mass of incandescent fuel in the producer, and 
yields thereby carbonic oxide and hydrogen, which thus go 
to swell the volume of combustible gases from the producer, 
in the manner indicated in the last paragraph. 

It is now a general practice to introduce some sort of 
steam or air-blast, either from the sides, front, or bottom of the 
producer, into the body of fuel upon the grate; or else to in- 
troduce the blast into the ash-pit of the producer, which is 
closed for this purpose by fixing iron doors M, M to the same. 
The effect of the blast is, as before mentioned — 1. To increasi^ 
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the volume of the combustible gases carbonic oxide atfd 
hydrogen ; 2. to render poorer and chea|)er fuels available 
for consumption in the producer ; 3. to increase the pressure 
of the gas within the tubes and culverts ; and 4. to diminish 
the number of chambers required to produce the necessary 
gas for carrying on a given work. • 

The producers are generally built in rows, with a cave or 
passage Z, along each side, into which the ash-pits open, and 
from which the workman clears the bars of clinker, and 
removes the same along with the ashes. 

The producers maintain a pressure of gas within the pipes 
and culverts, sufficient to prevent the passage of any air 
into them through crevices in the brickwork, which admis- 
sion would be attended either with an explosion or a waste 
of gas, by its combustion within the culverts. 

77. Wilson Producer. — ^The producer of Messrs. Brook 
& Wilson consists of a cylindrical casing of wrought-iron 
plates, usually of from 8 feet to 10 feet in diameter, and 
from 10 feet to 12 feet 6 inches in height, and which is 
lined with brickwoi^. The producer has a solid brick 
bottom, and is without grate-bars, so that it forms a closed 
chamber, except for the two doors G, G, which are used for 
clearing away the clinker and ashes from the hearth. The 
sight-holes h, h are for observing the state of the working of 
the apparatus, and for the occasional introduction of bars for 
breaking down the fire. The charging hole is in the roof of 
the producer, and over it stands the hopper A, closed by the 
cone as shown. The hopper A is kept filled with fue^ and 
can be closed by a plate on its top side whenever it is 
necessary to drop the fuel into the producer, thus prevent- 
ing the access of air at all times to the interior of the producer. 
In the centre of the chamber and across the hearth is a tee- 
shaped blast-distributer T, which is earned sufficiently high 
into the body of the producer as to always deliver the blast 
above the mass of clinker and ashes, which collect on the 
bottom in the intervals between the cleanings out, which 
clearing is effiscted once in the course of the 24 hoiii-s. The 
blast distributor is connected with the blowing apparatus Z, 
consisting of an annular steam jet, which blows into the top 
of a vertical conical bell-mouthed tube or nozzle, whereby 
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the steam draws along vith it a strong blast of atmo- 
Hpbenc air. The apparataa is proportioned so that a 
rouctnre of about 6 paJU of steam to 100 parts of atmoa- 
phenc air is forced into the prodac«r for the maintenance 
of combustion within the same The gases pass out from 
the producer by the ports or openings d, d into the annulus 
E, from which the iron tube or downtake D carries them to 
the bnck culvert or gas-mam, by which they are conveyed 
to the furnaces Iti the downtake D is a valve V, which 
serriea to shut off the producer, either for repairs, etc., as 
may be required, or for the clearing out of clinker and 
ashes The last-meDtioned operation is of about an hour's 
duration, and dunng this time the blast is turned off; the 
^alve 7 IS closed, and the stopper Loles L, L are opened 
to allow of the escape of any gai The door M is then 
opened, and iron bars are inserted across the producer, so as 
to act as temporary firo-bars to carry the Buperiocnmbent 
fuel whilst the clinker and ashes are being withdrawn 
through the doors G, G. 




The action of this producer in producing gas is the same as 
that already described (p. 61). A small propoi-tion of volatil« 
hydrocarbons from the fuel in the upper zones of the producer 
esca|ies into the gas culvert, whilst the carbon of the fuel 
first burns to carbonic anhydride as the blast enters, but 
19-.-I. «. 
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the latter gas becomes reduced to carbonic oxide as it ascends 
through the superincumbent incandescent fuel. The steam 
which also passes in with the blast is decomposed by the 
heated carbon, with the production of carbonic oxide and 
hydrogen. The producer is usually kept a little more than 
half tilled with fuel, but whenever the fuel stands iix ^ke 
part K, above the ports d, d., then a partial distillaticm of the 
coal by the heat from below follows, and the hydrocarbons, 
tar, etc., so evolved have to pass downwards to the ports 
d, d. before escaping. In this manner the tar separated in 
the upper zone passes into the hotter regions of the producer 
where it is burnt or consumed^ and cannot therefore be sub* 
sequently deposited in the tubes from the producer. The only 
deposit in the tubes fpom these producers is a little sooty 
deposit, which is eaifly burnt out at intervals. 

78. Gasson'S' Froducer.^This producer, as applied to the 
Oasson-Bich«rdux furnace (page 200), is essentially a Siemens' 
))roducer, provided with an arrangement for heating the air 
required for the combustion of the gases upon the furnace 
hearCh. Such a producer is, therefore, especially applicable 
td' the Bicheroux and other furnaces where moderately high 
temperatures are required without the use of regenei^tors, 
and where a separate producer is usually attached to each fur- 
nace. For reheating purposes the producer may, however, 
be placed at any convenient distance behind the furnace. 

The general aiTangements of this producer are the same 
AS those of the Siemens' producer already described ; but in 
I he base of the Casson producer thei'e are also fixed cast- 
iron boxes into which atmospheric air is first admitted, 
before it passes on into the iron or clay pipes built in the 
back of the producer. After circulating through these boxes 
and pip6s, the air leaves for the fire-bridge of the furnace by 
two flues, built one along each side of, and parallel with, 
the gas-flue from the producer to the furnace. Combustion 
ensues at the fire-bridge of the furnace, where the heated air 
meets the gases from the producer. It is often advisable with 
this producer to apply a forced blast both to the producer itself, 
and also for driving the air through the heating arrangements 
and so to the furnace, the chimney draughts often proving in- 
sufEcieut to draw the necessaiy air through the arrangement. 



CHAPTER IV. 

moN. 

Metallic Iron in a state of purity is comparatively little 
known, and void of commercial importance ; but its combina- 
tions with ccMrbon, modified by the presence of other elements, 
constituting it malleable i/ron^ steel, and cast or pig^ron, are 
of very considerable practical utility ; the consideration of 
the composition and properties of these varieties will be 
treated of in fdture chapters, the present one being confined 
to the consideration of the pure metal and the points of 
metaUuigioal interest in the compounds formed by its ccmr 
bmations with the other elements, metallic and non-metallic. 
Pure iron, which is only prepared as a chemical curiosity, 
may be obtained by heatmg pure ferric oxide (Fefi^ in a 
current of hydrogen gas; by heating to whiteness in a closed 
crucible a mixture of iron wire or iron-filings with magnetic 
oxide of iron covered with a layer of glass, or by the electrolytic 
decomposition of a solution of ferrous chloride. As obtamed 
by the first method, employing only a dull red heat, the 
metal forms a dark grey powder, which takes fire in the 
atmosphere if slightly heated ; reduced at a higher tempera- 
ture ^e metal is almost silver white, capable of receiving a 
high polish, and is no longer pyrophoric. Pure iron is softer 
than ordinary malleable iron, and its malleability is unaffected 
by heating to redness and then suddenly cooling, neither . 
it hardened by this treatment. It is very tenacious and ducti 1 e, 
has a scaly or crystalline fracture, is scarcely acted upon by 
sulphuric or hydrochloric acids at the ordinary temperature, 
bat if heat be applied it is dissolved with the evolution of 
hydrogen. Its magnetic power is very high, but it does not 
retain its magnetism ; its specific heat is '113795, and tJoA 
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specific gravity of electro-deposited iron is 7*875, which, after 
rolling, becomes somewhat less. If wrought-iron be melted and 
then allowed to cool, it always presents a crystalline fracture, 
exhibiting faces of the cube; if rolled or hammered out, how- 
ever, a fibrous structure is developed. The electrical conduc- 
tivity of iron is higher the freer it is from impurities. The 
melting point of pure iron has not been decided with any 
degree of certainty, but it is fusible at a temperature below 
the melting point of platinum. The purer the metal, especi- 
ally its freedom from carbon, and the higher is the temperatura 
required for its fusion. Iron is unaffected by dry air at the 
ordinary temperature, except \i'hen the iron is in a very fine 
state of division (such as exists when it is reduced at a low 
heat from ferric oxide by hydrogen), when it takes fire spon- 
taneously ; but iron is rapidly oxidized (Rusts, p. 19) under 
the joint action of air and moistui^e; and if heated to redness 
in contact with the atmosphere, the metal oxidizes rapidly. 
Water deprived of air or free oxygen does not affect iron at 
the ordinary temperature, but the finely divided metal de- 
composes it at a temperature below its boiliuii: point. The 
oxidation of iron by water is further promoted by the pre- 
sence of carbonic anhydride, water holding carbonic anhy- 
dride in solution attacking the metal even in the absence 
of air or free oxygen. If a perfectly bright clean stiip of 
iron be immersed in cold fuming nitric acid, it assumes the 
passive condition, that is, it may be left during any length of 
time immersed in the acid without any solution of the metal, 
whereas ordinary nitric acid attacks the metal vigorously. 
Iron, as also itis combinations with carbon, such as steel 
and cast-iron, appear to have when in the fused state the 
power of occluding certain gases, which gases ai'e, to a certain 
extent, liberated as the metal solidifies, thus electro-deposited 
iron occludes from 17 to 20 times its own volume of hydrogen. 
The chemical symbol of iron is Fe, and its atomic weight is 56. 
79. Iron and Oxygen. — ^Iron combines with oxygen in 
several proportions, of which the most impoi'tant dire ferrous 
oxide (EeO),yem'c oxide (EcgOg), and the combination of these 
two, constituting magnetic oxide. The first named is a very 
unstable compound obtained, according to Debray, as a black 
non-magnetic body, when steam and hydrogen in certain pix>- 
portions are passed over heated ferric oxide. The hydrated 
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fjodde or ferrous hydrate is obtained as a white flocculent 
precipitate when potash or soda is added, to a solution of a 
ferrous salt, the precipitate absorbing oxygen ahnost immedi- 
ately, changing "fliereby to green and then to brown. Ferrous 
oxide is a powerful base, and enters largely into the composi- 
tion of the various sUx/gSy cinderSf etc., produced in the metal- 
lurgical treatment of iron ; and by its combination with acids 
produces an important series of salts known as ferrous, or 
proto-salts of iron, which decompose on exposure to the 
atmosphere with the production of basic salts of ferric oxide. 
Of ferrous salts, the most important to the metallurgist are 
the carbonate and the sulphate; the former occurs anhydrous 
and crystallized in spathic ore or siderite and amorphous, 
along with clay, lime, etc, in the various clay ironstones. 
The carbonate suffers decomposition on heating to redness with 
access of air, carbonic oxide and carbonic anhydride being 
evolved, while magnetic oxide remains. Ferrous carbonate id 
slightly soluble in water, but more so in water containing 
carbonic anhydride. This solution, on exposure to air, is 
decomposed with the precipitation of ferric oxide (hydrated). 

80. Ferrous Sulphate. — Ferrous sulphate or proto-sulphate 
of iron occurs in commerce in the form of pale green crystals 
containing seven equivalents of water, wluch they lose more 
or less completely on heating, according to the temperature 
applied ; the first application of heat being attended with the 
melting of the crystals i^ their water of crystallization, heated 
further and the salt loses six equivalents of water, when a 
further increase in the temperature is attended with the pro- 
duction of an anhydrous gritty powder, and if exposed to a 
still stronger heat the salt suffers decomposition, a bright red ' 
pulverulent mass of ferric oxide (FcaOg), called commercially 
rotige or colcothar, is obtained, while sulphurous anhydride 
(SO2), and anhydrous sulphuric acid are evolved. Ferrous 
sulphate is formed when a sulphide of iron is exposed for 
some time to moist air, also when a sulphide is roasted at a 
low temperature with free access of air. 

81. Ferric Oxide. — Ferric oxide (FcgOg), called also red 
oxide of iron, exists in the anhydrous state in the minerals 
hasnuUitSy iron glavMy specular iroriy micaceous iron ote^ and. 
in the commercial oxide known as rouge ox colcothAT^ Y^^- 
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pared by heatins^ ferrous sulphate as above, with subsequent 
toi^tion, or by heating ferrous sulphate Lid sodic chloride 
(NaCl), or by simply heating the nitrate or oxalate of iron. 
Ferric oxide crystallizes in rhombohedrons ; but, as occurring 
in the mineral ma/rtite, it crystallizes in cubic forms, has a 
steel grey colour with a bright lustre, but the powdered sab- 
stance is always red : the artificial varieties are usually non- 
magnetia Ferric o^de is very stable, and is not Tolatile ; 
but if heated to nearly a white heat it suffers decomposition, 
liberating oxygen, and leaving a fixed residue of magnetic 
oxide. 

3Fe20,=2Fe,04 + 

Ferric oxide is reduced to the metallic state by heating with 
earboriy ca/rhonic oodde, hydrogeriy (xmmonia, or cyanogen; if 
heated with excess of sulphur, ferrous sulphide is obtained 
with the evolution of sulphurous anhydride (SOg). Ferric 
oxide is soluble in hydrochloric, nitric, and sulphuric acids, 
producing tiiereby a class of stable compounds known as ferric 
salts ; but it is only very slowly acted upon by mineral acids 
if subjected to a previous ignition. This oxide is used as a 
colouring material for glass and porcelain, to which it 
imparts a purple red or orange yellow colour, according to its 
treatment. 

Hydrated ferric oxide (FcgOg, SHgO) is precipitated as a 
btd^ reddish brown precipii».te, when potaidi, soda, or 
ammonia is added to a solution of a ferric salt, in which 
form it is amorphous, readily soluble in acids, and slightly 
soluble in water containing carbonic anhydride; if kept under 
water for a considerable time it loses a portion of its water 
of composition, and if heated in boiling water during seven 
or eight days it retains only one equivalent of water, when 
it assumes the form of a brick-red amorphous powder, but 
slightly acted upon by hydrochloric, nitric, or sulphuric acid. 
Hydrated ferric oxide occurs in the minerals and ores of iron 
known as brown hcematite, limonite, and gothite, 

82. Magnetic Oxide. — ^Magnetic oxide of iron (FcgO^) 
occurs native as magnetitey a black lustrous mineral, 
having a black streak ; it crystallizes in the cubic system, is 
strongly magnetic in both the. native and aiidficial varieties,, 
is also in native specimens frequently polstr. This oxide con- 
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stitutes the ordinary iron accUe or hammer alag^ and if pro- 
duced when iron is heated to redness in aqueous rapour, 
when iron is burned in oxygen gas, when ferroiut sulphate 
with chloride of calcium are heated in coyeK<ed crucibles 
(Kuhlman), or by the action of heat on ^ferrous silicate 
(Ebelmen). 

When iron is oxidized by heating it in contact with the 
atmosphere, two or three distinct layers of scale or slag form 
on the surface of the iron, which «re readily detached, as by 
bending or hammering the meiflil, and of which the outer 
layer is more highly oxidized ihan the inner, and is slightly 
redder in tinge from the presence of a variable excess of 
ferric oxide over that contained in the inner layer. The 
oxide occurring in 1^ outer layer of hornimer accUe is fusible 
only at a high temperature, is strongly magnetic, and sUghtly 
metallic in lustre ; while the inner layers are more porous, 
dull, and zum-metallic in lustre, less brittle, and also less 
powerfully magnetic. 

83. ?erric Acid. — ^This is the highest oxide of iron, and 
has never been prepared in a free state; but its combinations 
jrith alkalies, as ferrate of potash, may be obtained by fusing 
finely powdered iron filings with niti-e, or in the wet way by 
passing chlorine through a concentrated solution of potash 
holding hydrated ferric oxide in suspension, potash being 
added from time to time to maintain the alkalinity of the 
solution. Ferrate of potash decomposes spontaneously, and 
if slightly heated decomposition ensues, even in vacuo, with 
the precipitation of ferric oxide; it is also decomposed by 
chlorine in excess, by ammonia, strong acids, and organic 
matters. 

84. Iron and Sulphur. — Iron and sulphur have power- 
ful affinities for each other, imiting directly under the in- 
fluence of heat in varying proportions ; metallic iron heated 
with an excess of sulphur yielding ferrous sulphide (FeS), 
ferric sulphide (FcgSg), disulphide of iron (FeSg), or magnetic 
sulphide according to the temperature employed, the higher 
the heat applied^ and the lower the degree of sulphurization 
in the product ; several other lower sulphides can also be 
obtained by special methods. Yery small proportions of 
sulphur in malleable iron or steel suffice to induce \w \X\^ 
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metal the property of red shortness or un workability at « 
red heat, though it may be hammered or rolled while in the 
opld state with facility ; while a small proportion, from 0*3 
per cent to 0*5 per cent of stdphnr, in cast-iron may be use- 
M for foundry purposes, as producing a somewhat stronger 
iron as required for special castmgs ; the peculiar dappled or 
reticulated appearance presented by the fractured suHace of 
certain SwedLsh pig-irons is ascribed to the presence of 
sulphur ; the addition of sulphur to grey pig-iron tending to 
the production of white iron. 

Ferrous sulphide has not been found free in nature, but it 
exists in ores of nickel along with stdphide of nickel, and 
with sulphide of copper in copper pyrites; it is obtained 
artificially by the direct action of sulphur upon iron at a red 
heat, by igniting hammer scale with sulphur, by heating 
ferrous sulphate to a bright red heat in a crucible Uned with 
charcoal, or by the precipitation of a ferrous salt with an 
alkaline sulphide. As obtained by the dry methods, it is a 
dark bronzy or black porous mass, having a semi-metallic 
lustre, and is not sensibly altered by exposure to the air at 
ordinary temperatures ; but if gently heated it is converted 
partly into ferrous sulphate, which, at a stronger heat, is 
again decomposed with the production of ferric oxide and 
the evolution of sulphurous anhydride (SOg). Aqueous vapour, 
passed over this sulphide, converts it into a black slightly 
magnetic mass, hydrogen and sulphuretted hydrogen SJBU 
escaping. Ferrous sulphide heated with carbon is but 
slightly affected, with ferric oxide a portion of the sulphur 
is oxidized, but no metallic iron is separated ; but if heated 
with ferrous or ferric sulphate in proper proportions, the 
sulphur from the whole of the ingredients is entirely elimi- 
nated as sulphurous anhydride (SOg). "When litharge (PbO) 
is fused with ^\jth of its weight of ferrous sulphide, the sul- 
phur escapes as sulphurous anhydride (SOg), while metallic 
lead is separated beneath a layer of the fused oxides of iron 
'and lead. Ferrous sulphide combines readily with other 
metallic sulphides on the application of heat, as* will be 
£xcffnplified in the metallurgy of copper. Silica is without 
action on this sulphide when heated with it, but if mixed 
with carbon, the sulphide is very largely decomposed. 
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SSI Tenons Disnlpliide (FeS^). — ^Thia oompoand ooeun 
mbmicUuitly in nmtare, oonstitotiiig yeUow iron pyriln^ eMe 
fyriiet or mundiCf and as wkUe inm pjpriiet, MomooMte, eia 
l^e first named varieties occur as bronsB or Ivass jdOow, 
opaque sc^ida, having a meisllic hutre, and cmrtallising in 
ihe caiae spAem, or as radiatpd, fifaroos, or renifonn msiiiwn 
Maitaisite or wbite iron pjiites is lighter in colonr, a|^proacli> 
ii^ to wluteneflB, is nsoallj softer tiian the jellow Tariet^, 
and crystaUizes in the riicMnbic system; this variety weathers 
yery rapidly, while ydlow pyrites in its compact forms does 
not sensibly alter by exposure to the atmosphere, but if finely 
divided it oxidizes rapidly with the formation d ferrous sul- 
phate, the oxidation being attended with a rapid rise in the 
temperature, which, if allowed to rise too high, results in the 
evolution of sulphurous anhydride (SO^, while ferric oxide 
remains. The residue from the combustion of iron pyrites 
in the manufacture of sulphuric add is known as ^^ Blue 
Billyh and is employed as an iron ore, and for the fettling 
of puddling furnaces in the Cleveland district 

8& ICagnetic Pyrites, called also pyrrhotina, occurs 
native, often associated with ores of nickel and copper ; it is 
of a colour between bronze yellow and copper red, with a 
metallic lustre quickly tarnishing, is slightly attracted by 
the magnet, and is often itself magnetic, lliis sulphide is 
obtained as a brownish yellow mass when the disulphide 
(iron pyrites) is heated to redness in a covered crucible. 

87. Iron and Nitrogen. — ^The evidence concerning the 
existence of a chemical combination between these elements 
is exceedingly contradictory ; Eremy, Savart, Despretz, and 
others state tbat when iron wire is heated for a considerable 
time in a current of ammonia, that the iron increases in 
weight with a diminution in its specific gravity, also that 
the iron so treated is white, brittle, and less alterable by 
exposure to the air than is the iron previous to this treat- 
n^ent; it is also still magnetic, soluble in acids, and can be 
hardened by heating and sudden cooling in water. Bois and 
Boussingault have examined commercial iron and steel for 
oitrogen, and state that they find from 0*005 per cent to 
0*124 per cent, of nitrogen in all irons. 

88. Iron and Phosphorus. — These elements comVAsA 
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readily under the influenoe of heat, produdng gi-ej or 
whitish ftudble compoxuids. Percy describes and formulates 
seven compounds of. phosphorus and iron, of which the 
lowest one (Fe^^^) is formed when phosphorus and red hot 
iron are brought into contact ; while the third in his series, 
having a constitution represented by Fe.F, is metallurgically 
the most important ; it is obtained by heating phosphate of 
iron with charcoal in a smith's fire or other source of intense 
heat; as thus prepared it is very hard, brittle, capable of 
receiving a high polish, and is only faintly magnetic. 

The presence of only smaU quantities of phosphorus in 
malleable iron and steel produces a marked effect in the 
working qualities of the metal. Karsten states that 0*3 per 
cent, of phosphorus in malleable iron, while not sensibly 
affecting its tenacity, increases its hardness; that with 0*5 per 
cent, the metal begins to show signs of deterioration, its ten- 
acity manifestly diminishes, and it is sensibly cold short, that 
is, cannot be worked under the hammer in the cold state 
without cracking or breaking, though when heated it may 
be rolled or hammered easily ; with 0*75 per cent of phc^ 
phorus the decrease in tenacity and cold shortness of the 
metal are very decided, while the presence of 1 per cent, 
renders wrought-iron exceedingly brittle and unusable, except 
for special purposes. Phosphorus increases the hardness and 
fluidity of pig-iron, and it is generally considered to render 
pig-iron more largely crystalline on fracture ; its average 
quantity in found^ iron is about 1 per cent. 

The presence of a notable quantity of phosphorus in iixm 
ores is especially objectionable, since this element passes 
almost wholly into the pig-iron smelted therefrom, unless the 
reduction be imperfect, and a highly basic slag containing 
iron with a portion of the phosphorus in the state of phos- 
phoric anhydiide be allowed to form. 

89. Iron and Arsenic. — These elements readily unite, 
producing a series of compounds or arsenides of iron varying 
from iron grey to white in colour. The arsenides, brittle and 
non-magnetic, differ much in fusibility, and if roasted with 
access of air, a large proportion of their arsenic escapes as a 
sublimate of arsenions anhydnde (AsgOg), while basic 
arseniates remain behind. Arsenic, though not a very 
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general impurity in iron, occurs frequently as ferrous arsenide 
in the products known as apeise, produced during the metal- 
Inrgical treatment of the arsenical ores of nickel, cobalt, gold, 
silver, and lead. Ai'senic, like sulphur, renders malleable 
iron red'9/iortf but in pig metal, for producing chilled shot 
or other chilled castings, its presence has been stated to be 
advantageous. In Sweden and elsewhere articles are case- 
hardened by coating them with a paste of hydrochloric acid, 
wiih arsenious anhydride, powdered leather, horn, or other 
nitrogenous bodies, and then heating the articles so coated 
to bright redness in a muffle or other suitable furnace. 

90. Iron and Silioon. — ^As already stated, the union of 
iron and silicon cannot be effected by the simple heating 
together of silica and iron, but if carbon be also present, 
aind a sufficiently high temperature be employed, then the 
silicon is reduced. In this manner Kiley has succeeded in 
obtaining a hard, highly crystalline, light grey or silvery 
white alloy of silicon and iron, containing 21 per cent, of 
silicon. This alloy is so brittle that it may^be powdei'ed in 
a mertar. Silicon can be partially separated from pig-ir#n 
by fusion with ferric oxide (FcgOg) and manganese, when a 
manganous silicate is produced. 

Silicon is reduced in the blast furnace in larger proportion, 
HS the temperature of the furnace is increased ; as by the 
use of hot blast, etc. The silicon so reduced enters in con- 
siderable proportion into the pig-iron produced ; and since 
an increase in the temperature of the furnace is a condition 
required for the production of grey pig-iron, as well as for 
the reduction of silicon, hence grey pig-iron is usually more 
highly silicious than white iron ; the further consideration 
of the effect of silicon and of its amount in pig-iron is treated 
of subsequently. Silicon occurs usually only in small quan- 
tity in malleable iron and steel, to which, when present, it 
imparts hardness and brittleness, but with a loss of tenacity. 

The slags, cinders, etc., produced in the blast, puddling, 
refining, reheating, and other furnaces employed in the 
metallurgical manipulation of iron, are essentially oxidized 
products of silicon and iron, consisting for the most part oi a 
ferrous silicate (silicate ef protoxide of iron), containing about 
30 per cent, of silica with 70 per cent, of ferrous o^vi^^ \>aft 
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latter replaced more or leas b j other haaes, as manganous 
oxide, eta ; <m heating these sli^ or cinders with carbon, as 
b J smelting in the blast fomaoe, Percy states that about two- 
thirds, or two out of the three equivalents of ferrous oxide 
present in the slag are reduced, the pig-iron so obtaxoed 
being known as cmder-pig^ to distingniah it from the iron 
smelted from pure on or mine. When the tribasie silicate 
or slag is heated with access of air it is more or less com- 
pletely converted intp sesquioxide with the separation of the 
silica ; thus " bull dog," a very refractory dark grey, Itistrous 
body employed in the lining of puddling furnaces, etc., and 
obtained by roasting " tap cinder" (the slag of the puddling 
furnace) during several days in kilns, somewhat resembling 
ordinary coke or brick-kilns, consists largely of a compara- 
tively infusible ferric oxide (Fefi^, with a smaU amount of 
silica ; during the roasting of the tap cinder two products 
melt and liquate out^ both of which are more silicious than 
the ''bull dog;" the one known as " buU dog dag" collects 
in the bottom of the kiln, while the other, which runs out 
through openings in the side of the kiln, is highly silicious, 
and contains the largest proportion of the phosphoric anhy- 
dride always present in tap cinder. 

9L Iron and Carbon. — Upon the degree of carburization 
of iron, modified by the presence of other elements, as sulphur, 
phosphorus, silicon, and manganese, largely depends its 
clasnfication into cast-iron, steel, and miJleable iron, with 
the widely different qualities possessed by these bodies ; in 
the first named the carbon may exist to the extent of about 
5 per cent, while in the latter it may be almost entirely 
absent. Carbon and iron do not combine at ordinary tem- 
peratures, but if raised to a temperature o^ or above redness, 
combination between the two ensues with greater or less 
rapidity ; in the process of cementation for the production of 
steel, the bars of iron are heated to from 1000°C. to 1200^0. 
in contact with charcoal, when a combination of iron and 
carbon known as blister steel results. At ordinary furnace 
temperatures iron does not decompose carbonic oxide, but if 
the temperature be raised stiU higher, as in the blast frtmace, 
carbonic oxide is decomposed, and a certain amount of its 
carbon enters into combination with the iron ; the ceirbwristar 
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iion oi iron can also be effected by beating it in coal gas, the 
vi^ur of paraffine, and other volatile hydrocarbons ; or by 
hmimg malleable iron to a lower temperature in contact 
with carbonaceous matters, cyanogen compounds, etc., as in 
the operation of case-hcvrdening. In cast or pig-iron, the 
carbon exists in all cases both as combined and graphitic 
carbon ; in grey iron the carbon exists almost wholly 
as graphite, which Mr. Snelus has shown can be detached 
from the crystals of iron, and separated therefrom by the 
mechanical operation of sifting ; but in white iron^ as 
epeigeleisen, the carbon is almost wholly combined or dis- 
Kolvedy only a small quantity existing as graphite ; while in 
fnaUled iron the proportions of combined and graphitic car- 
Ijon are more nearly in equality. . Cast-iron in its fluid state 
is capable of holding an amount of carbon in solution, which, 
:i8 the metal cools slowly, separates as graphite or kish, while 
if the metal be suddenly cooled the greater portion of the 
carbon is retained in combination with the iron. 

92. Iron and Copper. — The direct union of iran and 
copper is attended with difficulty, but an apparently homo- 
geneous alloy can be obtained by the simultaneous reduction 
of the oxides of iron and copper, if the oxide of iron be not in 
excess. The presence of 0*6 per cent of copper in wix)ught- 
iron or steel renders it red-short, while 0'3 per cent yields a 
steely which cracks at the edges, and *0286 per cent, of 
copper sensibly diminishes the tenacity of malleable iron. 

98. Iron and Zinc. — These metals yield, when heated 
together, a more or less crystalline, brittle, and friable alloy 
nf no practical use ; but by immersing malleable iron freed 
from scale or rust by previous immersion in dilute sulphuric 
add, in a bath of molten zinc covered with sal ammoniac 
(NH4CI), a thin coating or alloy of zinc and iron is deposited 
on the surface of the plate, whereby the iron is preserved 
from rost and corrosion on exposure to the atmosphere, and 
KOch plates, under the name of galvanized or zinced plates, 
are of extensive application in the arts, 

94. Aich Metal. — ^This is an alloy consisting of about 60 
fier cent of copper, with 38 to 44 per cent of zinc, and from *5 
per cent to 3 per cent of iron. Aich metal can be rolled, ham- 
mered, or drawn into wiro, it is possessed of very considerable 
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teiiacit7, and said to remst the action of sea-water. A similar 
alloj, patented bj Xeir, is formed by melting under a layer 
of charcoal 100 parts of copper with 10 of iron, and to the 
bath so formed adding by d^^ees 75 parts of zinc; and 
aUrro-meUil, a brass yellow alloy of great elasticity and 
tensile strength, capable of being worked either hot or cold, 
and proposed as a material for l^e construction of ordnance^ 
is a similar alloy, consisting of 60 per cent, of copper, with 
34 to 44 per cent of zinc, 2 to 4 per cent, of iron (malleable 
iron is used), and from 1 to 2 per cent of tin. 

95. Iron and Tin. — ^These metals when heated together 
combine in various proportions, producing alloys varying 
from grey to white in colour, with a granular or crystalline 
fracture, more or less brittle, and harder than tin. It has' 
been proposed to harden the tops of rails by the addition of 
from *1 per cent to *5 per cent, of tin to the puddler's charges 
when manufacturing iron for this purpose; but its use 
has not proved successful, the metal so produced being cold- 
shorty brittle, difficult to weld, and cotdd only be hammered 
at a red heat with great care. When a clean surface of sheet- 
iron is immersed in a bath of molten tin, a firm adherent 
coating of a highly stanniferous alloy is deposited on the 
surface, the plate so prepared constituting the ordinary tm 
plate, 

96. Iron and Titanium. — ^The existence of an alloy of 
iron and titanium has not yet been definitely shown, though 
by the treatment of titaniferous iron ores in the blast furnace, 
pig-iron has been obtained, as will be subsequently describedL 
containing upwards of 1 per cent of titcmiturn, eitiber alloyed 
or disseminated through the iron; but the malleable iron or 
steel produced therefrom affords no evidence of its presence. 

97. Iron and Manganese. — ^Very little is known of the 
alloy of pure iron and manganese ; but manganese is a com- 
mon constituent in pig-iron, its tendency, when in consider- 
able proportion, being to render the pig white and more 
brittle. Mushet states that pig-iron containing 22 per cent 
of manganese ceases to be magnetic. The presence of man- 
ganese in iron ores promotes the elimination of sulphur from 
the product obtained on smelting the ore, but does not appear 
to affect the proportion of the phosphorus. 
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9& Iroa and Tnngsten. — ^Tungsten reduced from tungstic 
afiifk W t&e presence of iron readily alloys with the latter ; 
thus, when gvej iron is heated to a very high temperature 
a^ong with tungstic acid, the graphite of the pig-iron, by 
combination with the oxygen of the tungstic acid, reduces 
the tungsten, which, alloying with the iron, produces an ex- 
ceedingly hard, fine-grained, and admost silver-white steel, 
which is more or less malleable according to the amount of 
tungsten present. If apeiyeleisen or white iron be substituted 
for grey iron, no sensible amount of the tungsten is reduced. 

99. Iron and Lead. — No alloy of these two metals is 
satisfactorily known. 

100. Iron and Antimony. — An alloy of antimony and iron 
always results as a regvlua in the reduction of antimony 
from its sulphide by treatment with metallic iron in excess. 
The presence of from '2 per cent, to '3 per cent, of antimony 
in malleable iron suffices to render it both hot and cold-short, 

101. Iron and Bismuth may be alloyed by melting 
together the two metals in certain proportions; but on 
puddling a bismuthic pig-iron, the bismuth would pass out 
into the slag. 

102. Iron and Nickel — The alloys of nickel and iron, as 
formed by the fusion of the two metals, or by the reduction 
of their mixed oxides, are whiter than iron, are magnetic, 
capable of receiving a high polish, not so easily affected by 
air and moisture, and retain the malleability of iron. A 
natural alloy of iron and nickel occurs in meteoric masses ; 
and nickel, as also cobalt, frequently occurs in minute 
quantities in malleable iron. 

103. Iron and Cobalt. — ^These metals alloy well together, 
and the product is similar in character to the last described 
alloy, but Hassenfratz describes it as being inclined to red 
shortness, 

104. Iron and Silver. — Iron and silver do not appear to 
alloy well together ; for although the mixture of the metals 
appears homogeneous while in the fluid state, after cooling 
the silver separates throughout the mass. Karsten says that 
silver induces red sliortness in malleable iron. 

105. Iron with Gold and Platinum. — These metals alloy 
well together, small quantities of iron added to gold increas- 
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ing its hardness. With platinmn and steel an alloy ma^jhe 
obtained which is fusible at a temperature considerably below> 
that required to melt steel ; and with I per cent, of pladiunDli 
steel yields a tenacious, ductile, and ver^r fine grained prrWi 
duct 

106. Iron and Alnminum. — ^These metals may be aUoy^ 
in all proportions, but the compounds so produced are of no* 
practical value in the arts ; aluminum, if present in malleable 
iron, steel, or cast-iron, occurs only in faint traces, and 
Karsten concludes that its presence wotdd be to diminish tliei 
strength of the iron, a conclusion confirmed by the experi- 
ments of the author on alloys of aluminum and steel. 

107. Iron and Chromium. — ^The alloys of iron and chromium 
are less fusible and less magnetic than ii*on alone. The addi- 
tion of from 1 per cent to 2 per cent, of chromium appears to 
harden and sUghtly increase the tenacity and ductility of 
cast-steeL 



CHAPTER V. 

IKON ORES. 

Of the minerals which oocnr in greatest abundance, and 
contain iron in large proportion, are the oxides, disiilphide, 
carbonate, phosphate, titanate, and silicate of iron ; but for 
the extraction of the metal, the oxides and carbonates alone 
are extensively available, and these, accordingly, will only be 
noticed here, viz : — 

108. Magnetic Iron Ore or Magnetite (Fe304). — ^This ore 

contains in its pure state 72 '41 per cent, of iron, constitutrng 
it the richest ore available for iron smelting ; and it is from 
this, smelted with charcoal, that is obtauied the fiajned 
Dannemora iron. Magnetite crystallizes in the cubic sys- 
tem, is of a black colour, and gives, when drawn over a slab 
of unglazed pottery-ware, or scratched by the knife, a black 
mark, this test being known in mineralogy as the streak of 
the mineral, which term will be adopted hereafter. It occurs 
massive mth a crystalline or granular fraaure, and also in 
the state of sand ; is strongly magnetic, and sometimes polar, 
by which quality it may be distin&:uished from chrome iron 
om Magnetic i^on ore is very mdely distributed, occurring 
abundantly in Norway, Sweden, Siberia, Canada, and the 
United States. It is also found in the west of England. 

109. Franklinite is very similar tp magnetite, but is less 
magnetic, and gives a dark reddish brown streak; the analyses 
of this ore by Kammelsberg show it to contain 45*16 per 
cent, of iron, 9*38 per cent of manganese, and 20*30 per cent. 
of zinc, all existing as oxides; it occurs chiefly in the Silurian 
limestones of New Jersey in America, and several other of 
the United States, where it is treated for the extraction of 
zinc, and the residues so obtained smelted for speigeleiseu, a 
highly manganiferous pig-iron. 

19—1. 'E 
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110. Bed Haematite. — ^This name is applied generally to 
minerals consisting essentially of anhydrous ferric oxide 
(Fe203); the ciystcdlized varieties, as spectUar iron ore or iron 
glance, occurring in rhombohedral forms. Hsematite varieb 
in colour from bluish grey to deep red, but the streak is in- 
variably red ; in its pure state it contains 70 per cent, of iron, 
and, according to its physical characters, it has received 
various names ; thus, the scaly or micaceous varieties, as 
those of Devon, are known as micaceous iron ore ; the hard, 
massive, and reniform masses, having a fibrous or radiating 
structure, and occurring chiefly in the Cumberland district, are 
known as kidney ore; ^e more earthy varieties constitute red 
ochre ; while the soft, unctuous, compact form constitutes the 
jniddUft'a ore or puddlefi^s mincy used for the fettling of 
puddling furnaces. The most important deposits of this ore 
in England occur in the permian and cai'boniferous rocks of 
Lancadiire and Cumberland, where the mineral is classed as 
** hard '' or ** soft," according as it contains a large excess of 
Iree silica or otherwise ; and it is now smelted largely in the 
vicinity of the mines, the pig-iron produced being highly 
suitable and much in demand for conversion into steel by the 
Bessemer process. Varieties of this ore also occur largely in 
the United States, Canada, Sweden, and Norway. 

HI. Brown Hematite, called also Brown Iron Ore, is an 
hydrated ferric oxide (2Fe203, 30Ho), usually compact or 
earthy, and of various shades of colour, from blackish io 
yellowish brown, with a dull lustre, and an invariable 
yellowish brown streak. Bog ore or limonitef lake ore, as 
also gothite, belong to this class, the latter a crystallized 
and very rich variety. Brown haematite contains, when pure, 
59*89 per cent, of iron, and 14*44 per cent, of combined 
water, but it frequently contains manganese with more or 
less earthy impurities; it occurs abundantly in the car- 
boniferous formation of the Forest of Dean, in Glamorgan- 
shire, in Devorxshii'e, in Northamptonshire, and Lincolnshire; 
while in France and Germany it is one of the ores principally 
smelted. Bog iron ore usually contains a notable quantity oi 
phosphorus, rendering the irons produced therefrom only appli- 
cable to foundiy purposes ; it is smelted largely in Canada ; 
nd the so-called lake ores are smelted in Sweden and Finland. 
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112. Spathic Ores. — Spathic or spany ore is the term 
applied by metaUmglBts to the purer and more crystallized 
varieties oi ferrous carbcmate (COg, Fe), while the impure and 
argillaceous carbonates of the coal measures are known as 
clay ironstones, and if impregnated with much bituminous 
matter, as occurring in Scotland, the ore is then known as a 
blackband ironstone. 

Spathic ores in their purest form, that is, as crystallized 
"siderite" contain 48*27 per cent, of iron, and vary in colour 
from white to yellow or brown, with a pearly lustre, but 
are frequently coated superficially with a layer of hydrated 
ferric oxide produced by the weathering of the carbonate ; 
the streak is white, and when crystallized they occur in the 
rhombohedral system ; in composition they vary much, but 
manganous oxide is almost invariably present, in some cases 
to the extent of 50 per cent, or upwards; lime and magnesia 
are also frequent ingredients, and this ore often contains 
iron and copper pyrites in sensible proportions, the pig- 
iron (speigeleisen) produced therefrom most frequently con- 
taining small quantities of copper. Spathic carbonate of iron 
occurs in England in the carboniferous limestone of Durham, 
Cornwall, and the Brendon Hills, in Somersetshire ; on the 
Continent it occurs in some instances as mountain masses, as 
in the Siegen district of Prussia, in Styria and Westphalia, 
and to a smaller extent in Carinthia. This ore is now in 
considerable demand for the production of speigeleisen, 
for which purpose largo quantities are shipped to South 
Wales for reduction, where the ore is picked and calcined for 
the purpose of expelling sulphur before smelting. 

The argillaceous carbonate of iron or clay ironstone is 
compact, earthy or clay-like, varying in colour &om light 
brown to black, the latter due to l£e presence of coaly or 
carbonaceous matters, amounting in the blackbcmd varieties 
to 10, 20, or even 30 per cent, of the ore; like the spathic 
ore it consists largely of ferrous carbonate, with carbonate 
of manganese, lime, and magnesia, silicate of alumina (clay), 
potash, phosphates and sulphates, iron pyrites, and occa- 
sionally also zinc-blende, ^alena^ etc., along with water 
and organic matter. This ore occurs either in beds of con- 
siderable thickness and extent, or in detached nodules m 
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tlie claj and shales of the coal measures of North and South 
Staffordshire, North and South Wales, Yorkshire, Derby- 
shire, Warwickshire, Denbighshire, and Scotland, as also in 
the lias formation of Yorkshire. Nearly two-thirds of the 
total amount of the pig-iron produced in Great Britain is 
derived from this ore. 

The blackband variety of ironstone often resembles cannel 
coal in appearance, containing sufficient bituminous matter 
to effect its own calcination without the further addition of 
fuel, and after which it contains about 60 per cent, of iron. 

llie pig-iron smelted from clay ironstone, without admix- 
ture with cinder, contains usually from 0*25 per cent, to 1*5 
per cent, of phosphorus, and from *02 per cent, to 0*1 per 
cent, of sulphur; but if cinder be added to the charge, as 
practised in South Wales for the production of common forge 
pig, the sulphur may reach 0*7 per cent. 

113. TitaniferouB Iron Ore or Ilmenita— This mineral 
occurs massive, or forming sands nearly black in colour, and 
more rarely in rhombohedral crystals ; it has a brown streak, 
and contains oxide of iron, titanic add, with more or less 
magnesia ; it is a very refructory material, difficult of treat- 
ment in the blast furnace, and has accordingly been tried as 
a material for lining the bed of revolving puddling chambers 
with tolerable success, and recently it has been treated in 
the American bloomery furnace for the production of 
malleable iron direct from the ore. 
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CHAPTER VI. 

PIG OR CAST IRON. 

With but few exceptions, which will be noted under malleable 
iron and steel respectively, the result of the treatment of iron 
ores with fluxes and reducing agents in the various furnaces is 
the production of a combination of iron with carbon, silicon, 
sulphur, phosphorus, and manganese, with occasional traces 
of arsenic, copper, titanium, chromium, cobalt, etc., and known 
as pig-iron, which is unforgeable, cannot be welded, and is 
almost void of ductility ; its specific gravity ranging between 
7*1 in grey pig-iron to 7*5 in white pig-iron, and melting at 
an average temperature of about 1530°C. (2786®F.) 

In pig or cast-iron, iron attains its maximum degree of car- 
burization, the amount of carbon vaiying &om 2 per cent, to 
5 per C0nt., the lower figure being just beyond the limit 
(about 1*8 per cent.) of hard cast-steeL Carbon may exist 
in pig-iron either in a state of chemical combination, or as 
flakes or crystals of graphite distributed in an uncombined 
state through the mass, or partly combined and partly graphi- 
tic ; 'under these conditions we have various grades of white, 
grey, and mottled pig-iron respectively (see p. 77). On treat- 
ment with acids l^ese varieties behave very differently: 
white cast-iron is almost entirely dissolved, only a very small 
residue of graphite remaining, tike bulk of its carbon escaping 
in combination with hydrogen, as mixtures of gaseous and 
liquid hydtocarbons, the latter being highly volatile, of a 
brown colour, soluble in alkalies, and possessing a most dis- 
agreeable odour ; while grey pig-iron under the same condition 
deposits ahnost the whole of its carbon in the form of a 
graphitic insoluble residue. Speigeleiaen or mirror iron, some- 
time^ called also specular iron, is the most highly carburized 
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and crystalline form of white pig-iron ; its composition lias 
given rise to much investigation as to whether it was not an 
atomic compound of iron and carbon of the composition Fe^C, 
or, as it invariably contains a large proportion of manganese, 
whether it might not be a tetracarbide, in which a portion of 
the iron is always replaced by manganese, its formula being 
(FeMn)^C. Some varieties of white pig-iron, in melting, 
pass through an intermediate pasty condition, in which the 
metal is more readily decarbunzed, and with less oxidation 
of the iron than occurs when iron is merely heated to red- 
ness, or when it is in a perfectly fused state, hence its pre- 
fe^nce for conversion b7 pud^ng into InaUeable i^n. 
The action of atmospheric air, when blown through molten 
pig-iron, is to effect the removal of its carbon, siHcon, and 
manganese, as will be described under the Bessemer prooess 
for the conversion of pig-iron into steeL Cast-iron is sensibly 
acted upon or corroded by immersion in sea water, especiaUy if 
exposed to the combined action of sea water and air ; a porous 
mass remaining having the form of the original casting, but 
which in some cases after drying is spontaneously inflammable, 
(jrrey pig, if suddenly cooled, becomes white ; and hence, on 
an examination of Swedish pigs, which are cast as rectangular 
plates in iron moulds, and l£us chilled on the surface, it is 
found that, however grey the bulk of the metal may be, it 
usually exhibits on fracture a variable depth or skin of white 
iron, resulting from the chilling effect of the iron mould on the 
liquid metal, attended with iSie conversion of the carbon at 
tiie chilled surfaces wholly into combined carbon ; the white 
portion is also found to be poorer* in silicon than the upper 
or grey part Grey pig-iron, owing to the higher tempera- 
ture employed in its production, often contains larger amounts 
of foreign substances, as silicon, aluminum, magnesium, etc., 
than does white iron smelted from similar mixtures. K both 
whiteandgrey iron be produced in the same furnace, and descend 
together to the hearth, the white iron, having a higher specific 
gravity, will separate and form the bottom layer ; hence, on 
tapping the furnace, the first metal will run out in a sluggish 
stream, accompanied by showers of sparks, and yielding pigs 
of white iron ; which may subsequently be succeeded by a 

* Crooke's and Rohrig's Mttallurgy^. 
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perfectly fluid stream, unaccompanied by sparks, the product 
being foundry or grey pig-iron. The low temperature 
attained in the Swedish charcoal furnace, with the silicious 
slag produced therein, favours the production of light grey or 
motUed iron. 

The table of analyses of pig-iron given on the next page, 
serves to show the average amount of its usual constituents, 
with the variation in its composition. 

114. Cast-iron and Sulphur. — ^The presence .of small 
quantities of sulphur, in cast-iron improves its strength for 
foundry purposes, but the presence of upwards of *03 per 
cent, of sulphur in a pig-iron renders it unfit for treatment 
by the Bessemer or by the Siemens' open-hearth steel process: 
the steel piodaoed from such pig bei^g invariably ted-short. 
In the smelting of Swedish gun-foundry iron, a small quan- 
tity of iron pyrites is introduced into the blasb furnace along 
with the ordinary charge, whereby the fracture of the pig 
assumes a peculiar appearance as of grey iron traversed by 
a network of white iron ; the cast-iron so obtained is spe- 
cially adapted for the casting of ordnance. The presence of 
sulphur in pig-iron tends to produce whiteness in the pig. 

115. Cast-fion and Phosphorus. — When the blast-furnace 
is working regularly without the production of a scouring or 
basic slag, then practically the whole of the phosphorus in 
the ore, fuel, and fluxes is reduced and passes into the pig- 
iron, but when a rich scouring slag is being produced in the 
blast-furnace, then a poHion of the phosphorus escapes in 
combination with the ferrous oxide of the slag. Hence phos- 
phorus is a most frequent constituent ofptg-iron, ranging be- 
tween 0*25 per cent and 1*5 per cent, in the pig smelted 
from clay ironstones, whilst 2 per cent to 2*5 per cent of 
phosphorus frequently enters into the composition of pig- 
irons smelted in furnaces working upon heavy burdens of 
cinder, or in furnaces smelting Cleveland stone for special use 
in the Basic-Bessemer process. 

The eflect of phosphorus in pig-iron for foundry purposes 
is to increase its fusibility, as also the time during which it 
remains fluid, thus rendering such pig-iron well adapted for 
the casting of light and ornamental work. Although in small 
proportions phosphorus is without eflect upon the strength 
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of pig-iron, yet in considerable proportions it renders the 
metal decidedly weak under a tensile stress. 

116. Cast-iron and Silicon. — Silicon, derived from the 
reduction of silica in the blast furnace, is present in almost 
aU pig-irons, in amounts varying in ordinary pigs from 
0*1 per cent., to 5 per cent, and in exceptional cases 
even 20 per cent, of . this element may be introduced into 
a pig-iron, the metal then being highly crystalline and 
silvery white in colour -, hot blast and grey irons contain 
the largest proportion of this element, while, owing to the 
low temperature produced in charcoal furnaces, the pig-iron 
produced in such contains -a smaller proportion of silicon 
than occurs when coke is employed as l^e fuel ; its quantity ; 
is further always increased when free silica exists in the, 
charge, and an insufficiency of lime is added to combine 
t)dth the excess, or when light burdens — ^that is, a lai*ge 
proportion of fuel to ore — are employed in the furnace. 
Silicon, like carbon, is capable of existing in the graphitic 
condition, in which state it may occur in pig-irons smelted! 
with hot-blast from ores difficult of reduction, while white' 
or manganiferous pigs do not hold it in this condition. The 
presence of this element is very necessary in hsematite pig-iron 
intended for the Bessemer process ; but its presence in largei 
quantity diminishes the strength of the pig-iron for foundry 
purposes. 

117. EfPect of other Metals on Pig-iron. — The presence of 
ittcmium in pig-iron imparts additional strength to the metal, 
and gives a peculiar mottied appearance to the pig ; it is rarely 
present to the extent of more than 1 per cent. 

Vanadium has been detected in the pig-irons produced from 
certain ores of Taberg, in Sweden, oolitic ores of Wiltshire 
(Riley), etc. ; its presence renders the iron soft, and yields an 
iron well adapted to wire-drawing. 

Copper is frequently present in small quantities in pig-iron, 
especially in those brands (as speigeleisens) smelted from 
spathic ores ; pig-iron containing copper is imfit for conver- 
sion into malleable iron or steel, but the presence of a small 
quantity, not exceeding 0*2 per cent., is said not to deteriorate 
its quality as a foundry pig. 

Arsenic, chromium, alumimim, zinc, etc., are often present 
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in pig-irons smelted from ores containing these metals, the 
first-named occasionally in considerable amount. 

Pig-iron containing tin is hard, readily fused, and unfit 
for conversion into malleable iron, yielding a wrought iron 
exceedingly cold-short, 

Mangcmese is present in most pig-iron (see p. 93, and 
Analyses, p. 89), for, like phosphorous, the manganese of 
the iron ore is found after smelting to be partly in the blast 
furnace slag and partly in the pig-iron; but highly inan- 
ganiferous pig-irons only result from the smelting of highly 
manganiferous and easily reducible ores. Manganiferous 
pig-iron appears to occhide hydrogen more freely, and car- 
bonic oxide less abundantly, than do the less manganiferous 
irons. 

Speigeleisen is a manganiferous pig-iron containing from 5 
to 20 or 30 per cent of manganese. It is a white iron, 
possessed of great hardness, and often presenting large clea- 
vage planes on fracture. Still more highly manganiferous 
alloys, containing as much as 80 per cent, of manganese, and 
known commercially as ferromanganeae, are now largely 
prepared for use in the manufacture of very soft mild steel. 
The production of ferromanganese in the blast-furnace re- 
quires, besides suitable ores, a highly basic slag, with a high 
pressure of blast and the highest attainable temperature of 
blast and furnace hearth. Its production also involves a 
very large consumption of fuel, and a much diminished out- 
put per furnace. 

11& Commercial Classification. — ^Pig or cast-iron occurs 

in commerce, either in the form of oblong blocks, or as pigs of 
about 3 feet in length and of D section. Upon the colour, 
hardness, brittleness, and character of fracture depends 
chiefly the classification adopted in commerce of grey, mottled^ 
and white or specular iron. The first variety is again sub- 
divided in the Cleveland district, according to the degree of 
greyness, into No. 1, 2, 3, 4, 4 forge. No. 1 is the darkest 
grey, is soft and largely granular on fracture ; in Nos. 2, 3, 
4 the colour becomes gradually whiter, but duller in lustre, 
and the metal becomes more finely granular in structure, 
until it passes insensibly into white iron, which has a more 
crystalline flaky appearance on fracture, is very much harder^ 
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and, as in specular iron or speigdeisen, is largely cn^talline, 
exhibiting large lustrous cleavage planes on fracture. The 
mottled varieties, which stand intermediate between the grey 
and white irons, exhibit on fracture a mottled or variegated 
aspect, from the presence of veins and small masses of white 
iron embedded, as it were, in a matrix of grey iron. Accord- 
ing to the amount of white iron present, the pig is character- 
ised as weaJdy or strongly mottled, the latter approximating 
to white iron in appearance and character. 

Grey iron requires a higher temperature (1600^0. to 
1700°C.) for its fusion than does white iron (1400**C. to 
1500^0.), but it is very fluid when melted, and passes directly 
from the solid to the fluid condition, while white iron passes 
through a pasty condition before melting, and the same 
before solidification after fusion. Grey iron also expands at 
the moment of solidification, after insinuating itself into the 
finest lines of the moulds used in the foundry, while white 
iron contracts under the same circumstances ; these qualities 
have led to the designation of No. 1, 2, and 3 grey iron as 
foundry pigs, while those below No. 3 in greyness are called 
grey and strong forge pigs respectively, since they are only 
avsolable (except for special castings) for conversion into 
malleable iron, while No. 1, 2, 3 grey can be applied either 
to this purpose or to the requirements of the foundry. 

The several grades oi foundry pigs also present well known 
characteristics, when in the molten state in the founder's 
ladle. The fluidity of the molten metal decreases as the grade 
number rises ; thus whilst molten No. 1 iron appears in the 
ladle to be dark and sluggish, giving off neither sparks nor 
splashes as it is poured into the moulds. No. 2 presents a 
higher red appearance, pours from the ladle in large sheets, 
splashes a little, and exhibits an ever varying kind of figured 
appearance as the metal cools in the ladla In No. 3 the 
surface figuring of the molten metal is much less distinct, 
and it throws out sparks rather abundantiy during the 
period of pouring, while the scum or kish, which rises to the 
surfEtce and separates most largely in No. 1 and less abun- 
dantly in No. 2 iron, occurs much more sparsely in Na 3. 
No. 4, which is the hardest number usually employed by the 
founder, throws out showers of sparks, and the surface of 
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the molten metal as it stands in the ladle always appears 
hotter than does the previously described lower numbers. 

In the Lancashire district the fifth grade, or strong forge 
pig, is designated by Y, the lower grades being designated 
in the same manner as in the Cleveland district. In districts 
where hssmatites are smelted for the production of pig-iron 
applicable to the Bessemer process, two additional qualities 
have been introduced, called Nos. 1 and 2 Bessemer pig-irons 
respectively; these, owing to their comparative immunity 
from phosphorus and sulphur, are particularly well adapted to 
the requirements of the Bessemer process for the production 
of steel, and command a higher price in the market than the 
other classes of pig-irons. 

119. Speigeleisen. — ^This is a manganiferous pig-iron, 
often possessing, as noted in Article 112, well marked 
physical qualities ; its fracture especially usually presenting 
large cleavage planes, though these are not essential to the 
existence of good speigeleisen. Its essential constituents are 
from 4 to 5 per cent, of carbon (which exists almost wholly 
in the combined or dissolved state), with upwards of 6 per 
cent, of manganese. Commercial varieties of speigeleisen 
usually contain from 8 to 20 per cent, of manganese, while 
special samples will contain as much as 30 per cent, of this 
metal. If the speigel contain less than about 6 per cent, of 
manganese it is generally considered to be useless for the 
purposes of the steel manufacture, and more especially for 
use in the Bessemer process (p. 251). 

ANALYSES OF SPEIGELEISEN. 
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120. Mine and Cinder Pig. — Pig-iron smelted from ores 
{mine) alone is known as all mine-pigf whilst that smelted 
from paddling cinder and slags is termed cinder-pig. 

Glazed or blazed pig-iron is a highly silicious and inferior 
class of metal, usually produced when a large excess of fuel 
is employed, as during the first blowing-in of a furnace. 

121. Strength of Cast-iron. — ^The strength of cast-iron 
under tensile, torsional, transverse, and crushing stresses, fluc- 
tuates between very wide limits ; and Fairbaim has shown 
that the strength increases with repeated melting up to the 
twelfth time, after which a repetition of the fusion decreases 
the strength. The presence of silicon in pig-iron also di- 
minishes the strength. The experienced eye can often form 
a crude estimate of the amount of silicon in a pig-iron from 
the facility with which it breaks when dropped across the A 
block used in breaking the pigs; pig-iron made. with hot- 
blast is also inferior in strength to cold-blast iron, probably 
from the more complete reduction of the silicon in the furnace 
at the high temperature produced by the hot-blast. The 
strongest pig-irons, .then, are such as have been smelted with 
cold-blast from haematites containing but small proportions 
of silica, or from argillaceous ores. 

From the published results of the experiments conducted 
at Woolwich Arsenal, it appears that the tensile strength of 
cast-iron varies from 4*85 tons to 14*00 tons per square inch, 
and its resistance to crushing from 22*54 tons to 58*42 tons per 
square inch of section, indicating the greatly superior strength 
of cast-iron under a crushing than under a tensile force. 

The transverse and the torsional strength of cast-iron are 
each very low, ranging only from 1*5 tons to 4*5 tons to the 
square inch, but its shearing strength reaches about 12 tons 
to the square inch. Annealing diu/'nishes the strength of 
cast-iron, whilst the presence of sulphur increases, and phos- 
phorus, if in sensible proportions, diminishes the strength of 
the metal. Engineers generally require the cast-iron used 
for structural purposes to be such that a bar two inches deep 
and one inch in thickness, supported on centres 3 feet apart^ 
shall not break under a weight of less than 28 cwt. supported 
at the centre. 

122. Production of Pig-iron. — The production of pig-iron 
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from iron ore involves two stages; firstly, the preparation 
of the ore as received from the mine for the hlast-fumcbce or 
smeUing operation ; and secondly, the reduction in the blast 
furnace of the metallic iron from its chemical combinations, 
together with its recarburization to pig-iron, and its separa- 
tion from the earthy matters of the ore. 

The first process, as practised in France, Belgium, Germany, 
and Sweden, includes two distinct operations, that of washmg 
or drt8mvg the ore for the concentration of its metalliferous 
portions, together with the subsequent roasting or calcination 
of this product) whereby water, carbonic acid, sulphur, and 
other volatilizable substances are eliminated under the 
influence of heat, or by the combined action of heat and air, 
leaving a more or less porous mass readily acted upon by the 
gases of the furnace. In England, however, the ores are not 
subjected to any preliminary dres^g or mechanical treat- 
ment prior to roasting or caldinjatum^ and the dressing operar 
tions will not be further dwelt upon. 

The production of white or grey cast-iron in the blast fur- 
nace is not perfectly under control ; but for the production of 
white iron, mixtures of easily fusible ores are employed, so that 
the charge can be smelted more rapidly, thereby reducing to n 
minimum the time of contact of the melted metal with the 
carbon of the fiiel ; also the proportion of ore to fuel in the 
charge is increased, and a greater burden of materials main- 
tained ; thus, other things being identical, the production of 
white iron is less costly than grey pig-iron. Owing to the lower 
temperature employed in its production, white iron does not 
contain so large a proportion of silicon as the grey pig, but 
often contains larger proportions of sulphur and phosphorus, 
and its carbon is almost wholly in the combiaed state. 

123. Calcination. — ^In this country rich ores, as red haema- 
tites and magnetites, are not subjected to calcination, such not 
being necessary, water forming the chief volatilizable sub- 
stance in this class of ores ; in Sweden, however, all ores are 
subjected to a preliminary calcination before smelting. The 
haematites in ikncashire and the north are at once broken 
up into pieces about two inches square, and charged, along 
with Jktaces and fuel, into the blast furnace, where the first 
effect is the expidsion of water from the ore contained in the 
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upper portions of the furnace by the heat of the ascending 
gases. Other classes of ore are roasted or calcined in heaps 
or kUms, in which a careful regulation of the temperature is 
necessary to prevent the fusion of the ore into a more or less 
compact mass, or the partial reduction of the metal in car- 
bonaceous ores, as blackband, eta The effect of the roasting 
is to decompose to a great extent any j^^rt^ present, with the 
volatilization of the sulphur and other volatile substances, 
together with the elimination of carbonic anhydride and 
water, and the conversion of ferroTis oxide and ferrovs car- 
bonate into /erric oxide, thereby preventing the loss of iron 
from the formation of slags of ferrous silicate, which occurs 
readily when silica and ferrous oxide are brought into con- 
tact in the furnace, and these silicates are difficult of subse- 
quent reduction. When ferrous silicates or furnace slags, 
such as forge or mill-cinder, are to be added to the blast- 
furnace charge for the reduction of iron therefrom, it is 
usual to subject such cinders to a preliminary roasting in an 
oxidizing atmosphere, whereby they are largely decomposed 
and the iron is separated in the form of ferric and magnetic 
oxides, which are much more easily reducible in the blast- 
iumace than the original silicates. Also, the roasting 
of such cinders has the effect of largely expelling tlie sul- 
phur usually present in them. The loss of weight in roast- 
ing amounts to 25 or 30 per cent, with Welsh argillaceous 
ores; to 50 per cent in blackbands; to 6 per cent, with red 
haematites; and to about 12 percent, with brown hsematitesL 
The roasting or calcination in heaps or piles in the open 
air, or in kilns of various kinds, is conducted in much the 
same fashion as that described for charcoal burning; the 
heat being supplied partly from fuel mixed with the ore, and, 
as in the case of blackband ironstone and other ores contain- 
ing carbonaceous matters, is assisted by the combustion of 
such carbonaceous matters; in other cases the kilns are 
heated by the waste gases of the blast furnace. Koasting in 
heaps is effected by making in the ground a bed of coal a few 
inches in thickness, on which is placed a depth of 10 or 12 
inches of ironstone, alternating thus, coal and ore, until the 
pile reaches 4 or 5 feet in height; th^ process is then conducted 
by lighting the fire at the base, and damping with small ore 
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those parts of the heap in which combustion appears to be 
too active or progressing too rapidly. A method adopted on 
the Continent consists in enclosing the ore and fuel for the 
roasting operation between vertical walls, in which openings 
are made along the sides at various heights for the regulation 
of the heat, the whole forming a kind of kiln. 

The blackband ores of Scotland and Staffordshire usually 
contain sufficient bituminous or carbonaceous matter to effect 
the roasting, without any further addition of fuel or coaly 
matter beyond a single layer at the bottom for the commence- 
ment of the combustion. 

In pyritic ores, the pyrites usually occur in plates, lamiii», 
or nodules along the planes of stratification of the ore, and 
Grundman* recommends that the blocks should be placed 
with these planes vertical in the roasting pile, so as to allow 
of the more ready escape of the sulphur. 

In South Wales, the roasting or calcination is effected in 
massive kilns built of rough masonry, lined with fire-brick, 
the bottom of the kiln being formed of cast-iron plates. 
Arches built in the masonry allow of openings being made at 
the level of the floor for the extraction of the calcined or 
roasted ore from the bottom of the kiln, while the process is 
still going on in the upper zones of the kiln ; other openings 
above these serve for the admission of the necessary amount 
of air for carrying on the combustion and maintaining the 
heat required for the calcination. The horizontal section of 
such a kiln shows two parallel sides of masonry, connected 
at their, two extremities by semicircles ; the kilns are much 
wider at the top than at the bottom. A kiln holding 70 
tons of ore and friel measures 20 feet in length, is 18 feet in 
height, and 2 feet in width at the bottom, increasing to 9 
feet at the top. The operation is conducted by first lighting 
fires on the cast-iron floor, and covering these to the depth of 
a few inches with ore (ironstone) ; in a short time the mass 
is red hot, when a further layer of a mixture of ore, with 
about 5 per cent, of small coal, is placed over the heated 
mass, and so on, fresh layers or strata of the mixture being 
added as soon as the previous layer has attained to a red 
heat. By the time the kiln has been entirely filled, the 

* Grundman. d. Entschw^ der Eisenerze, 
19—1. Q. 
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layers in the bottom are ready for drawing, which is effected 
tlurough the openings already mentioned in the base of the 
kiln. In this manner the charge of ore takes from three to 
four days for its calcination. 

Kilns erected at the Newport Works, Middlesbrough, are 
cylindrical in section, built up of wrought-iron plates, and 
Imed with fire-brick. The lower portion of the kiln tapers 
towards the base, and has openings all round the lower part 
for the admission of air and the withdrawal of the calcined 
stone or ore, which is directed to the openings by a central 
cone having its apex upwards. Each kiln has a capacity of 
15,800 cubic feet, and holds about 630 tons of material 

In the self-coking blast furnace proposed by Mr. Ferrie of 
the Monkland Ironworks, the top is closed and surmounted 
by an arrangement for the coking of the fuel or calcination 
of the ore, heated by the combustion of the waste gases drawn 
from the top or throat of the blast furnace. Mr. Brown of 
the Shotts Iron Company has also introduced a furnace of this 
character, with a somewhat different arrangement for effect- 
ing the combustion and utilizing the heat of the blast-furnace 
gases, in an upper chamber or kiln surmounting the stack of 
the furnace. The Swedish calciner, heated by the waste 
gases of the blast furnace, consists of a cylindrical slightly 
conical shaft, formed of an exterior mass of ordinary brick- 
work lined in the interior with fire-brick, the whole supported 
by hoops or bands of wrought-iron. The outer wall is 
traversed by numerous horizont&I openings for the escape of 
moisture, etc., and at the base are a series of openings 
through which the charge is withdrawn ; the gases from the 
blast furnace are introduced at the base of the kiln by 16 
nozzles, and a little above them are the openings controlled 
by dampers for the admission of the necessary air for the com- 
bustion of the gases, and above which again are a series of 
holes for the introduction of the bars used in breaking up 
the charge in cases of clotting from excessive heat or other 
cause. 

The object of the roasting or calcination of iron ores being 
the expulsion of volatile ingredients, etc., leaving the ore aa 
a porous mass, it is necessary that the temperature do not 
rise sufficiently high to clot or melt the ore, otherwise it 
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becomes dense and imperyions to the gases in the blast 
furnace. Ores containing silica, easily fusible silicates, or 
manganiferous compounds, have a tendency to clot; while 
calcareous ores, and compact ores rich in iron, bear a higher 
temperature, and a more prolonged calcination without matt- 
ing or fusing together. Ores intended for the production 
of forge pig are more strongly calcined or roasted than if for 
foundry pig. 

124. Weathering. — ^Yery pyritous ores, such as are also 
accompanied by shales, instead of being calcined, are subject 
to a weathering action, in which the ore, placed in heaps, is 
exposed to the action of the weather for periods of three or 
four months, but varying with the amount of impurity, 
extending in some cases to three or four years; if containing 
much sulphur, the heap is frequently watered, so as to 
dissolve and remove the sulphates formed by the oxidation of 
the pyrites, etc. 

125. Beduction or Smelting. — After calcination, the ore is 
broken into pieces more or less uniform in size; these pieces 
in the haematite districts are, aa already stated, cubes of about 
2 inches in diameter; in the Cleveland district, where the 
furnaces are larger and the fuel a hard coke, the pieces are 
larger, measuring from 4 inches to 6 inches; in Sweden, again, 
the furnaces are of a small description, and the pieces are 
not more than inch cubes. This breaking up of the ore after 
calcination is effected in special ore or stone crushers, or 
between rollers, appliances which have superseded the old 
stamps. 

The blast furnace being at work, or, as it is technically called, 
in blast, it is kept filled to the top, or throat, by continually 
adding to the furnace the smelting mixture of ore, fud, and 
fivjx, aa the charge works down. The supply of air or hlast, 
under a pressure of from 3 to 9 lbs., in furnaces worked by 
coke, or of 1^ to 2 lbs. in charcoal furnaces, is maintained 
through the twyers near the bottom of the furnace, except 
during the intervals when the top is opened for the intro- 
duction of the charge, when the blast is shut off. 

The oxygen of the air, injected through the twyers, meet- 
ing with incandescent fuel, is in a great measure immediatelY 
converted into catbonio arihydrUe, with the igito^\]i<(^\I\oTL q*1 
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the maximum amount of heat, within a short distance of the 
twyers; the carbonic anhydride so produced, ascending to- 
wards the throat of the furnace, passes over a large mass of 
heated fuel, and is quickly reduced to carbonic oxide ; thus, 

C0„+C=2C0, 

each volume of carbonic anhydride foiming two volumes of 
carbonic oxide, with a corresponding reduction of temperature 
in the lower part of the boshes where the change is effected. 
The carbonic oxide so produced, along with, perhaps, a 
smaller proportion derived from the deoxidation in the same 
manner of the carbonic anhydride expelled from the limestone 
used as a flux, then becomes the principcUsjid active reducing 
agent of the blast-furnace. The carbonic oxide in ascending 
meets the mixture of heated ore and flux, which is descending 
towards the hearth. The porous oxide of iron, thoroughly 
heated and calcined while in the upper part of the furnace, 
is readily permeated by the ascending gases, with the reduc- 
tion of metallic ii*on ; thus, 

'Fe„0, + 3CO=3COa+2Fe, 
in addition, a smaller proportion of iron is probably reduced 
directly by the action of the fuel upon the ore at the high 
temperature existing in the furnace; thus, 

2FejO,+3C=4Fe+3CO,. 
The iron thus reduced to the metallic state, in passing down- 
wards towards the hearth of the furnace, comes into contact 
with a large amount of heated fuel, and combines with a 
varying amount of its <»rbon; a further carburization being 
probably effected by the decomposition of carbonic oxide, car- 
buretted hydrogens, and possibly cyanogen compounds, by the 
reduced metal, with the production of the fusible compound 
of carbon and iron, with various impurities, constituting what 
is known as pig-iron. It has been attempted to mark out, 
with some considerable accuracy, the various zones or limits 
within which the specific reactions occurring in the blast 
furnace are confined; but any such definite mapping must 
always be unsatisfactory, since the same furnace yields, at 
the same depth from the mouth or throat, very different pro- 
ducts on different occasiona The cycle of operations by which 
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the oxygen of the blast is first converted into carbonic anhy- 
dride, and then almost immediately reduced to carbonic oxide, 
which in its turn, again becomes carbonic anhydride by its re- 
action upon oxide of iron, is repeated as the gasesascend through 
the furnace, so long as the temperature remains sufficiently high 

to effect the decompositions ; 
the escaping gases, however, 
always contain a large propor- 
tion of carbonic oxide, which 
bums with its characteristic 
flame, though masked by the 
volume of yellow flame emitted 
at the mouth of the furnace if 
the gases are allowed to escape; 
or it forms a valuable source of 
heat, to be utilized for various 
purposes, as heating of tho 
blast, or calcination of the ore, 
etc., if collected at the top of 
the fumace, as is now the usual 
practice in this country. 

Fig. 18 is a diagram of the 
blast furnace divided into zones, 
as communicated in a paper 
by Mr. Lowthian Bell to the 
Institute of Civil Engineers,* 
showing the distribution of 
temperature and state of the 
materials at various depths from 
the throat of the fui*nace. The 

Fig. 18.— Zones of Blast J^PP®^ portion of the zone a 
FuBNAOE. is occupied by the raw ma- 

terials charged into the furnace, which are there being 
heated by the ascending gases; towards its lower boundary 
(and within 20 feet of the top of the furnace), the mass 
is at a duU red heat, and the ore suffers reduction by 
contact with carbonic oxide with the production of a 
spongy metallic mass ; the zone 6 is at a red heat, and 
the limestone here suffers decomposition ; c is at fuU red- 

* Proceedings of the Institute of Civil Engineers, 1872. 




102 METALLURGY. 

ness, and the descending spongy metal begins to absorb 
carbon from contact with the fuel, which absorption con- 
tinues through the next zone d, where the temperature has 
attained to bright redness, and it is probably in this zone 
that sulphur, phosphorus, silicon, eta, are to a large eictent 
reduced from the materials of the charge, and combine 
with the pig-iron ; in the boshes e the heat attains to vert/ 
bright redness, and the descending charge of spongy metal, 
witiii slag-forming materials, imdergo thorough fusion in 
their descent through this zone > and in the crucible or 
hearth f, where the heat is at its greatest intensity or 
whiteness, the fused metal and slag separate, the fluid pig- 
iron forming the lowest stratum, above which is the layer of 
fluid slag. 

But irregularities in the working of the furnace, and the 
temperature therefore, at any depth below the throat of the 
furnace at any time, are effected (1) by very small differences 
in the composition of the ore, fuel, and fluxes at the different 
periods when the observations are made, (2) by variations in 
the initial temperature of the blast, (3) want of care in charg- 
ing, and (4) even atmospheric conditions exert an influence 
upon the working of the furnace. The last-mentioned in- 
fluence alone is sufficient to make a difference of 5 per cent, 
in the consumption of fuel required to produce a given 
quality of pig-iron from the same ores. The above tabulated 
order of the zones of action in the blast furnace can therefore 
only represent the sequence of the several zones without 
absolute regard to their depths from the furnace throat 

As already stated, the quality or grade of pig-iron pro- 
duced in the blast furnace from any mixture of ores, fuel, and 
fluxes, cannot be absolutely predetermined, but generally the 
use of easily reducible ores, and heavy burdens (a large propor- 
tion of ore to fuel) with a reduced temperature of the furnace 
will yield the higher numbers or white-iron, whilst the sub- 
stitution in the furnace of a larger proportion of fuel to ore 
(light burdens) with an increased temperature of the furnace 
will make a grey and more silicious pig-iron. 
, The silica, clay, carbonate of lime, and the earthy matters 
lisually accompanying iron ores, as also the earthy matter 
or ashes of the fuel, would descend along with the reduced 
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metal to the hearth of the furnace, and there remain mixed 
with it, unless some other substance were introduced capable 
of combining with these, and producing therewith a fusible 
compound or slag; such a substance is the flux, usually lime- 
stone, which is employed, the gangue of the ore being essen- 
tially silica, or a silicious mineral, as clay, etc. The flux so 
added (in addition to promoting the separation of the metal 
from the itag or cinder in the hearth of the furnace), by com- 
bining with any free silica in the charge, prevents also the 
loss of iron, in the form of basic ferrous silicates, which 
would otherwise be produced, as the mixture passed through 
the zone of most intense heat near the twyers ; but if too 
much limestone be added to flux the silica, then the slag 
becomes too calcareous, is fusible only with difficulty, and 
the metal separates imperfectly. If the gangue of the 
ore be calcareous, then the ores are mixed with others con- 
taining silica or clay, such as forge cinder, or the roasted 
slag from the puddling furnace is introduced, though the iron 
produced from these latter is of an inferior kind, as will appear 
after consideration of the puddling process. By thus adding 
a suitable material to flux, or render the gangue fusible, the 
pig-iron separates from the slag in the hearth of the furnace, 
the latter rising to the top of the bath of molten metal, and 
protecting it from oxidation by the action of the blast. The 
slag is allowed to run away through an opening, to be pre- 
sently described, and the metal is tapped out at intervals of 
twelve hours in South Staflbrdshire, or in the haematite dis- 
tricts of the north, every six hours; for this purpose, the 
blast is turned off, the tap hole broken open by an iron bar, 
and the metal run into a series of grooves, furrows, or 
channels, formed in the sand of the floor, near the furnace, 
or into cast-iron moulds ; the furrows are of D section and 
arranged in parallel rows, the top ends of each row communi- 
cating with a common channel, along which the metal runs 
to supply the furrows in that row; this channel or feeder is 
hence known as the sow. In Sweden the metal is cast in 
rectangular plates in cast-iron moulds, the brand being cast 
on the under side of each plate or pig. 

126. SlajTB. — Blast-furnace slags difler very widely in 
physical characters and chemical composition, according to 
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the character of ore and fuel employed, the qiiality of iron 
produced, whether light or heavy burdens are being worked, 
and according aa hot or cold blast is employed. Slags 
aooordingly occur Yaiying in colour from alinost white 
<^ ff^Jy through all shades of brown, yellow, green, and 
blue to black, the whiter slag, as a rule, accompanying the 
production of grey iron, in furnaces working with light 
burdens, that is, a large proportion of fuel to ore and fluxes; 
while black slags indicate usually (though not invariably) a 
loss of iron, and a furnace workmg heavy burdens with the 
production of white iron. The same slag may be vitreous, 
stony, or vesicular in structure, according to tiie manner in 
which it has been cooled, quick cooling facilitating the pro- 
duction of the vitreous form, with a oonchoidal fracture and 
more or less transparency at the edges, while slow cooling 
tends to make the slag stony, dull, opaque, and porphyritic 
in appearance. These characters, as well as the fusibility 
and fluidity of the slag, are also powerfully influenced by 
its composition; those slags in which earthy matters, as 
lime, magnesia, etc., occur in excess, are the least fusible, are 
of a dull ^tonj character, and disintegrate spontaneously 
on exposure to air and moisture, wlnle the presence of 
ferrous and manganous oxides, with large proportions of 
sOica, form slags, termed by the workmen scouring slags; 
and in which the fluidity and fusibility are more perfect. A 
considerable proportion of alumina gives to the slag the 
opalescent character so frequent in the slags of Staflbrdshire 
furnaces smelting clay ironstones from the coal measures. 

Blast-furnace slags are essentially double silicates of lime 
and alumina, in which the lime is more or less replaced by 
magnesia, ferrous, or manganous oxide, and the silica is 
sometimes partially replaced by alumina ; they also contain 
about 1 lb. of potash per ton of slag, with probably some 
soda, as also sulphur, the presence of the latter element being 
promoted by the presence in the slag of manganous oxide 
and of lime. Analyses of a slag frequently found both in ho. 
and cold-blast furnaces of South Staflbrdshire give a com- 
position corresponding to the formula, 2RoO^ SSiOa + G 
(2R0, SiOg), where E.2^3 ^^ ^ metallic sesquioxide, chiefly 
alumina, and KO a metallic protoxide, as lime, magnesia. 
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ferrous, and manganous oxide ; and making these substitu- 
tions, the formula becomes 2Al20g, SSiOg + 6 (2CaO, SiOg) ; 
in this slag the oxygen of the bases is eqtial to the oxygen in 
the silica, but the oxygen in the protoxides is double that of 
the sesquioxidea When slags containing calcium, barium, or 
manganous sulphides, are suddenly cooled by throwing water 
upon them, the sulphide is decomposed thus: — CaS + OHg^ 
CaO + SH2, the presence of the sulphur under this treatment 
being readily recognised by the odour of the evolved sul- 
phuretted hydrogen (SHg). A much more silicious slag than 
the above, and represented by the formula AlgOg, SSiOg + 3 
(OaOy SiOj), is largely produced in charcoal furnaces. 

The following table is collected firom Percy's Metallurgy 
of Iron : — 

ANALYSES OF BLAST-FUBNACE SLAGS. 
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The presence of various metallic oxides in the slags im- 
part to themr characteristic colours ; thus manganous oxide 
])roduces a violet or amethyst colour when the slag is seen 
in mass, but not observed when the slag is in the vesicular 
condition. Manganous sulphide gives a yellow or brownish- 
green colour, and oxide of iron renders the slag green or 
black in colour; while alumina, zincic oxide, or sodic 
sulphide are said to impart a blue colour to the slags. 
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127. Composition of the Blast-Fornace Gaees. — TKe 
oomposition of the gases present in tbe blast fumfice lias been 
inTMrtdgated at different times by Bunsen, Ebelmen, Scheerer, 
Plajfair, Tunner, SchafhalitI, Binman, and othera. The gaees 
whic}! escape irom the furnace mouth are not essentially 
different, whether hot op cold blast is employed, except that 
in the case of hot blast using rav coal as the fuel, the gases 
vill contain traces of volatile products arising bam ^ie dis- 
tillation of the ooal ia the upper zones of the furnace. The 
following table, collected &om the work of Dr. Percy, gives 
tiie composition of the waste gases feom the tops of three 
blast furnaces, in which raw coal, coke, and charcoal, respec- 
tively, are the fuels employed, all employing limestone as the 
flux, while lie first is smeltii^ calcined alliaceous ores, the 
(rther two smelting brown hiematites, and in ihe first the 
blast is heated to Gi&'F., in the second to 212° F., and in 
the third cold blast is employed. . 

COUPOSITIOH BY VOL0HE OF BLABT-FUBITACE GASES. 
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IVom these figures it appears that the gases have essenti- 
ally the same composition in the different cases; the nibx)gen 
derived from the air, introduced as blast, passing through the 
furnace unaltered, and forming more than one-half of the 
volume of the gases, while carbonic oxide forms 26 per cent 
of their volume; the other combustible gases consisting of 
hydrogen, marsh gas, and olefiant gas, all deriving their 
hydrogen chiefly fix)m the decomposition of the water -vapour 
carried in by the blast ; in addition to these there are small 
quantities of cyanogen. 

The following table, giving the oomposition of the gases at 
various depths below the mouth of the furnace, as taken &om 
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the Alfreton furnace (which is 40 feet in height, worked with 
blast, heated to 330°C. (626°F.), under a pressure of 675 
inches of mercvuy, and smelting materials as above), shows 
the proportion of carbonic anhydride to carbonic oxide to be 
continually diminishing with the increase in depth below 
the mouth; and in the upper portion of the hearth (fifth 
column), the gases consist almost wholly of nitrogen and 
carbonic oxide, with a small proportion of hydrogen. Char- 
coal furnaces, owing to the light and readily combustible 
nature of the fuel, yield carbonic oxide even at the lowest 
level, and a few inches above the twyers carbonic anhydride 
is almost absent, while the amount of carbonic anhydride 
rapidly increases in the upper portion of the furnace chai'ge. 



Alfreton Furnace. 
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The total weight of the gases passing from the throat of a 
Cleveland blast furnace 80 ft. in height amounts to nearly 7 
tons for each ton of pig-iron made in the furnace, and the 
calorific power of these gases is equal to that produced by 
the combustion of about 11 J cwts. of coal.* The blast 
furnaces are now generally worked with closed tops, in 
which case the gases are conveyed from the furnace throat 
to the hot-blast stoves, where they are burnt for heating the^ 
blast in the manner described in the following chapter, 
whilst other portions of the gases are consumed under steam 
boilers for the generation of steam, and in coke ovens for 
the production of coke. 

The gases which escape or are collected at the mouth of the 
blast furnace carry over with them considerable quantities of 
a fine dust, consisting largely of «i7ica, ferric oxide, alumina, 

• Proceedings Cleveland Inst, of Emjiaeers^ 1882. 
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and lime^ with smaller proportions of manganic oxide, mag- 
nesia, potash, soda, calcic solphate and phosphate; and in 
smelting iron ores containing zincic oxide, considerable 
quantities of zinc fome <Nr zincic oxide collect in the pipes 
or culverts through which the gases pass, and requires to 
be removed at intervals, when tiie zincic oxide so obtained 
is sold for the extraction of metallic zina 

12& Sedaction of Phosphorus. — ^It is observed that in 
smelting ores containing phosphoric anhydride nnder condi- 
tions favourable to tiie perfect reduction of the iron, that is, 
when but little ferrous oxide is allowed to remain in the slag, 
that at the same time phosphorus is absent from the slag, 
while tiie pig-iron produced is contaminated with phos- 
phorus; but if the conditions be reversed, and a large 
quantity of tiie iron be left unreduced in the slag, it will at 
tiie same time be accompanied by the phosphoric anhydride, 
if any be present^ while the pig-iron produced will be com- 
paratively free from phosphorus^ It thus appears that 
the conditions most favourable for tiie perfect r^uction of 
the iron are exactiy such as are required for the reduction 
of the phosphoric anhydride, with the introduction of the 
phosphorus into the pig-iron produced. For this reason 
cinder-pig^ that is, the iron produced from smelting mixtures 
containing a considerable amount of cinder or slag in addition 
to the ore, flux, and fiiel, is always impure from the presence 
of phosphorus derived from the cinder so added. The pig-iron, 
produced from pure ores or mine without any admixture of 
cinder, is called all-mine-pig to distinguish it from the above. 

Phosphorus, unlike sulphur, is not affected during the cal- 
cination of the ores, hence the total amount of this element 
as originally present in the ore, fuel, or fluxes, passes into 
the blast-furnace, and in the ordinary working of the Cleve- 
land furnaces about 90 per cent, of the phosphorus present 
in the furnace charge is reduced and passes into the pig-iron, 
whilst only about 10 per cent of it passes out into the slag. 
The presence of an excess of lime in the slags does not 
appear to aflect the proportion of phosphorus entering the 
pig-iron. 

129. Reduction of Solphnr. — Sulphur, as noted in p. 96, 
Ls largely elimiuated from iron ores during the process of cal- 
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cination, whilst in the blast-furnace a high temperature and 
H liberal use of lime, so as to produce a calcai*eous slag, have 
a decided tendency to pass the sulphur into tho slag, most 
pi-obably in the form of calcic sulphide. Hence white-iron, 
which is produced at a lower furnace temperature, and is 
accompanied by a more fluid and silicious slag than is grey- 
iron, also contains more sulphur than the latter — a high 
temperature and a calcareous slag being favourable to the 
elimination of the sulphur from the pig-iron. 

130. Smelting of Speigeleisen. — Until a veiy recent date 
this variety of pig-iron (see page 93) was produced in com- 
pai*atively few localities, it being considered that its manufac- 
ture could only be successful where certain spathic ores, brown 
iron ores formed by their decomposition, or the Franklinite 
of New Jersey, U.S., were the subject of the smelting opera- 
tion ; i.e,f its manufacture depended upon the supply of an 
ore which contained iron and manganese in considei'able 
quantity, and at the same time was practically fi'ee from 
sulphur and phosphorus. The chief European localities in 
which spathic iron oi'es occur are Styria, Lolling, and Carinthia 
in Austria; Siegen and Musen in Rhenish Prussia; Hungary, 
Hanover, Russia, and in the Brendon Hills of England, the 
ore of the last named being worked by the Ebbw Vale Iron 
Company, who, until the past few years, enjoyed a monopoly 
for the manufacture of speigeleisen in England ; but more 
i-ecently, ores capable of yielding speigeleisen have been 
imported from Spain, and smelted at the Atlas Works, 
Sheffield. Speigeleisen is also now produced in the furnaces 
•bt Messrs Bolcklow, Vaughan, and Company, and many 
others. The magnetites of Sweden, although practically free 
from sulphur and phosphorus, and some of them containing 
considerable proportions of manganese, are not sufficiently 
rich in the latter to yield speigeleisen in the blast furnace ; 
yet, latterly, certain Swedish ores, as those of Schisshyttan, 
which are said to yield from 13 to 20 per cent, of man- 
ganese, have been mixed with magnetic iron ores and smelted 
for the production of speigeleisen. 

For the production of speigeleisen from spathic ores in the 
Siegen district of Rhenish Prussia, the ore is carefully picked 
to free it from copper pyrites, after which it is roasted or cal- 
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cined in kilns, which are charged with alternate layers of 
ore and carbonaceous matter, such as coke, cinders or char- 
coal refuse. The kilns are fired from the bottom, and kept 
in continuous action by raking out the ore from the bottom 
of the kiln as soon as the calcination is completed in that 
zone, at the same time continually supplying the place of the 
materials so removed by iresh ore and fuel added at the 
top of the kiln. The calcined ore is smelted in the blast fur- 
nace with the addition of a large proportion of lime (usually 
burnt), and only small quantities of clay-«late; in this 
manner basic i^ags are produced, and the reduction of the 
silicon in the furnace is greatly impeded. Coke or char- 
coal is the fuel employed. If the slags be too rich in silica, 
the latter combines with the manganese, which thereby 
largely escapes reduction, and grey or mottled iron only is pro- 
duced in the furnace; and, again, if the temperature be too low, 
and the burden too heavy, then white iron only is produced. 
It is thus manifest that, with a suitable ore, Uie production 
of this variety of pig-iron requires considerable care, and is 
not even then perfectly under the control of the furnace 
manager, slight fluctuations in the temperature and pressure 
of the blast changing the make or yield from speigeleisen to 
grey, mottled, or white iron. 

131. Ferromanganesa — ^The production on the large scale 
of iron with carbon and manganese, or of a ferromanganese 
which shall be richer in manganese than the ordinary 
speigeleisen, has become necessary for the successful produc- 
tion of the very soft, mild steel now manufactured by the 
open-hearth and the Bessemer steel processes. Hence 
instead of being a crucible operation, as first carried on by Mr. 
Prieger of Bonn, or manufactured by the reduction of mangan- 
ous carbonate by charcoal on the bed of a Siemens' furnace^ 
the production of ferromanganese has become a regular blast- 
furnace operation. 

The term Ferromanganese is now generally applied to all 
compounds of carbon, iron, and manganese, in which the latter 
metal forms more than 20 per cent, of the alloy, whilst it 
often attains to 80 or 85 per cent., and the term speigeleisen 
is retained to designate similar alloys which contain, how- 
ever, not more than 20 per cent, of manganese. . 
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For the production of ferromanganese in the blast furnace, 
oi'es rich in manganese are required, and thus, until recent 
years, this manufacture on a large Bcale was confined to cer- 
tain French and Austrian works which smelted manganifer- 
ous Sardinian or Spanish oi*es containing from 10 per cent, 
to 40 per cent, of manganese ; but now, as already stated, 
the alloy is largely produced in England. Besides special 
ores, however, the pn>duction of ferromanganese involves a 
very much larger consumption of fuel in the furnace than is 
necessary when working upon ordinary grades of pig-iron ; 
besides which the highest temperature of blast attainable by 
the use of fire-brick stoves is necessary, the ordinary pres- 
sure of blast is also increased, whilst a much more basic slag 
is necessary, and hence the furnace is burdened with a large 
proportion of limestone. 

The yield of the blast furnace making ferromanganese is 
very considerably reduced, often not exceeding about 25 
per cent of the amount which the furnace would make if 
working upon ordinary pig-iron. 

ISSi Scaffolding, Bears, etc. — Scaffolds or collections of 
the smelting materials, arising from various causes, occur 
occasionally in the interior of blast furnaces, interfering 
with their proper working by obstructing the blast and free 
escape of the gases, with a consequent cooling of the furnace 
and thickening of the slags; they also prevent the proper 
descent of the charge to the twyers; and with the melting 
and withdrawal of the charge below the scaffold, together 
with the increasing weight of the charge above, the obstruc- 
tion very frequency gives way, with the sudden descent, 
technically called a slip, of the chaise to the heartL These 
obstructions may arise from the faulty shape of the interior 
of the furnace, from the formation of a too difficultly fusible 
slag, the presence of too refractory ores, bad fuel — as a weak 
and friable coke which falls to powder under the weight of 
the superincumbent materials — or to imperfect charging 
apparatus, by which the larger pieces of the coke are 
•collected around the sides of the furnace, while the ore is 
distributed towards the centre. From whatever source aris- 
ing, these obstructions are exceedingly troublesome, and 
Attended with great difficulty in blast-furnace working. 
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Frcsai^Biis sskd lxc»m c£ i^ Ikoardis c£ blast faniaces 
t^BX lia-re boei in bboi aame izmc ami liien blown out, aie 
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VA Blowxag^-im a Fnmftoe. — WLfnaxmneDcmg to work 
a new faznaea. it is nn n tiwsai y t2tit liie masoniy be thoron^ j 
dzied. and thai lids be noc fdhcarwi wit^ too mndi lapidEty, 
odierrise a fear of cracking tiie maaonir arises. Wlien it 
bas beoi tkoioiigJilT dzied. the operatkin known as hlowmg- 
ta tike faznaoe is oonuneawed. for wbich pmpoae a q[aantity of 
wood is first in1it)diiced. and eoTered orer inth a considerable 
deptb of ooke, on wiudi are saperposed lajers of ooke and 
Umestosie, cnccoodod br a Toy Hgjit burden of ore; the 
fdznaee being now about one4hird filled, the wood is ignited^ 
and when fiurlr in eombostian tlie Imnaoe is filled to the 
top with a H^t burdoi of ore, fuel, and flux, and the blow- 
ing camTnenoed at first tox genthr, the amount of blast and 
burden of ore being gradualhr incieaaed for a few days, when 
the normal burdeai and rate of driying maj be attained. 

134. BlowiBg-OUt of a Fanuoe. — Wheaa. a Uast furnace 
has been in Uist or uninternqitod regular work for some time, 
and then requires to be stopped eith^ for repairs or for other 
causes, the fumaoe is said to be ** blown-ouL" In order to 
blow-out a fumaoe it is the jNractioe to graduallj reduce the 
burden, tLe., to increase the proportion of fuel to ore intro- 
duced into tiie fumaoe^ in which manner the temperature 
within the fumaoe is increased and smaller obstructions, 
such as scaffolds and the like, are melted down. The pipes and 
fittings around the throat of the furnace are removed, then 
charging is discontinued and the furnace is allowed to bum 
down, care being observed to take the last tapping of fluid 
metal from the lowest possible point of the hearth, so as to 
prevent any unnecessary collection of metal being found on 
the hearth when the tymp is taken down for clearing out the 
last portion of the contents of the furnace. 

/ 



CHAPTER VIL 

THE BLAST FURNACE, HOT-BLAST STOVES, Em 

Notable amongst the improvements of recent years is the 
general introduction in this country, and in America, and 
wherever strong, hard coke can be obtained for fuel, of the 
larger furnaces, of the cylindrical or cupola type measuring 
from 70 ft. to 100 ft. in height, with capacities of from 25,000 
to 40,000 cubic feet. The use also of higher temperatui-es and 
pressure of blast has become general, and hence the hot-blast 
stoves, notably of the fire-brick or regenerative type of Mr. 
Oowper and of Mr. Whitwell have Iteen much improved and 
more generally adopted, to the exclusion of cast-iron pipe 
stoves from most, except of the older and smaller furnaces. 
The effect of these alterations in blast furnace practice has 
been a considerable reduction in the consumption of fuel per 
ton of pig-iron made, and an increased make of iron per furnace. 
135. Blast Furnaca — The older blast furnaces were huge 
structures of stonework, shaped outside in the form of trun- 
cated four-sided pyramids, having walls of immense thickness, 
consisting of an outer structure of heavy masonry pierced by 
horizontal openings for the escape of moisture, inside of which 
was a second shell of brickwork set in cement, which, in its 
turn, enclosed the inner wall of fire-brick set in fire-clay, 
fircHn 15 inches to 18 inches in thickness, and forming the 
inner wall or lining of the furnace ; between each of these 
shells or casings of masoniy was left a space which was filled 
with sand or slag, so as to allow of the necessary contraction 
and expansion of the several parts of the structure with the 
change of temperature. But during the past twenty years, 
one of the most marked features of blast furnace construction 
has been the reduction effected in the mass of materials 
employed in their erection ; instead of the massive walls of 
brickwork or masonry, the shaft is now formed of an outer 
casing of iron plates, lined in the interior with but a few 
inches of brickwork, the bricks being carefully drosai^^i'an^^ 
19—1. lai 
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and made to the curve at each course; while this shaft, instead 
of resting on massive masonry pillars, is often carried upon 
cast-iron columns; at the same time the hearth of the furnace 
has been continually increasing in diameter. The hearth and 
boshes require to be of the inost refractory material, being 
subjected alike to a most intense heat and to the corrosive 
action of the fluid slags ; in Norway and Sweden these parts 
are often lined with a mixture of powdered quartz, fire-brick, 
and fire-clay well rammed in; but in England fire-brick is 
usually employed, the bottom of the hearth being formed of 
large blocks of sandstone or fire-brick built in the form of a 
flat inverted arch, forminir a sliirht concavity upwards, thus 
preventing its b^ing^ed^Jwards by leVd metal 
getting beneath it 

The construction of the modem blast furnace varies much 
both as to shape, size, and the proportion of its parts, having 
regard to the nature of the ore to be smelted, of the fuel 
employed, whether charcoal or coke, whether hot or cold 
blast) and rapidity of driving, that is, the amount of air blown 
into the furnace in a given time; formerly the practice was 
to adopt open topped furnaces, but in England close topped 
furnaces, with an arrangement for taking off the gases, are 
now almost imiversally adopted. 

The old type of furnace, still retained in Sweden, with only 
minor modifications of form, consisted of a vertical chamber 
or shaft open at the top and circular in section, formed as 
illustrated in No. 1 of fig. 19 by two truncated cones or 
funnels joined at their widest part or bases, which jtmction is 
known as the boshes of the furnaces, the part above the boshes 
being called the stack; while the throat or top of the stack is 
surmounted, when the furnace is open topped, by a sort of 
small chimney of brickwork called the tunnel head, s ipported 
by iron stays or boiler plates. Around the throat of the 
fomace is a gaUeiy, foiming a platfoim for the delivery of 
the charge, to be introduced into the furnace through openings 
in the tunnel head or some of the other arrangements subse- 
quently described. The lower cone or sides of tiie boshes may 
be continued directly down to the base, or, as is more usual, 
its lower end is somewhat enlarged, constituting the hearth of 
the furnace; around the top of the hearth are openings, from 
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three to six in number, for the introduction of the twyera or 
pipes through which the blast is introduced; in many furnaces 
of Staffordshire, Wales, etc., the front or tapping side of the 
hearth is continued forward beyond the vertical line of the 
walls of the hearth proper, fig. 20; the cavity so formed, called 
theybre-Aeor^A, is dammed up in front by some refractory mate- 
rial supported by a daanplate of metal, and the arch over the 
opening so formed into tke hearth or crucible of the furnace 
ia called the tymp arch; on the under side of the tymp 
arch is placed a cast-iron bbx, inside of which is a curved 
wrought-iron pipe, through which flows a continuous stream 
of water, so as to keep it cool, and enable it better to 
sustain the great heat to which it is exposed, as also the 
corrosive action of the slags, which are continually flowing 
out beneath it. As the reduction or smelting proceeds, the 
slag and metal descend to the hearth, where the slag rises to 
the surface of the metal, and as the hearth fills runs over 
through a notch in the dam-plate called the cinder notch, and 
is received in trucks with movable sides called cinder tuhsy 
which carry it at once to the cinder heap, or it is sometimes 
cast in blocks, and used for building purposes. In small 
furnaces this cinder notch is replaced by an inclined plane in 
front of the dam-plate,' called a cinder faU, down which 
the slag is allowed to run and solidify, when it is broken up 
and removed by hand.. A vertical notch 12 inches or 15 
inches in length, stop}>ed with sand or clay, is made in the 
side of the dam, forming the tapping hole, which can be 
readily opened by striking it with a pointed bar, and 
redosed after the medial is tapped by the insertion of a clay 
stopping held on the end of a bar. The opening between the 
top of the dam and the tymp arch is closed during the work- 
ing, with the exception of a small opening left for the escape 
of slag. 

Instead pf the sharp angles indicated above, as existing at 
the boshes and the top of the hearth, modem practice has 
adopted for the internal shape a more or less regular curve from 
the hearth to the throat of the furnace. All attempts to/arrive 
at the best form of interior from theoretical conside^tions 
alone, have been attended with disappointment ; it is, how- 
ever, necessary that the furnace should contract from the 
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widest part or boshes to the hearth since m this part the 
ohai^ is graduallj decreasing m volume dae to the redoo- 
tionand fusion of the metal, and also the diameter ia so great 
that for oonTenience ia chargmg and to allow of the proper 
distribntion of the chai^, it is necessary that the month be 
contracted. Fig; 20 ia a vertical section of a blast fiimace 




Fig. 20. — SrAnoBDSHntK Blast Fubkacb Tertioal Ssotion 
through tha Tymp 
showing the general arrangement of the more recent Stafford- 
shire and South Wales fumuLes, m which Uie stack is i^liii- 
drical or slightly conical, coated externally with wronght-iron 
plates riveted together, and fitted with the cup tmd eont 
arrangement for introducing the charge of ore, flux, and foel; 
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b is the dcMn, and c the cast-iron dam-plate ; dia the blaai- 
main, from which pipes descend to each of the five twyers 
employed in this furnace, and is a small water main sup- 
plying water to the water twyers^ /,/; g ia the tocUer tymp 
with its coil of pipes, as alieady described, for keeping this 
part of the furnace cool, and so affording protection against 
the action of the fluid slags at the high temperature existing 
in this parfc of the furnace. The stotck or cylindrical part of 
the furnace above the hearth x, is carried upon the iron ring 
h, h, supported upon cast-iron pillars; and the waste ^ gases 
are collected or drawn off through the opening k into the 
pipe ly which distributes them to the hot-blast stoves; m 
is a gallery around the throat of the furnace, supported 
upon cast-iron brackets, 71, n, from its sides, upon which 
is landed or received the materials to be introduced into 
the furnace. At the sides of the hearth are placed vertical 
racks, which serve as supports and points of resistance to 
the bars used in cleaning out the hearth of the furnace. 
The cup and cone arrangement, as well as the mechanism 
employed in raising and lowering the cone, are shown, and 
will be subsequently described. 

In a blast furnace recently erected at Middlesbrough * (with 
the tep closed by the cup and cone or bell arrangement, to 
be subsequently described), the foundation was of brickwork, 
resting on clay; on this a circular base of solid brickwork 7 
feet in diameter was erected, having a stone curb, on which 
rested the columns, 18 feet 6 inches high, which carried the 
upper part of the fiimace, the lower part being supported 
partly by a wrought-iron conical case, and partly by the 
brickwork and stanchions which surrounded the heartL 
From the twyers upwards, the furnace was cased with 
wrought-iron plates, from f to ^ inch in thickness. The 
interior was lined with flre-bri& lumps 5 inches thick, 
backed with ordinary fire-bricks* The lumps forming the 
bottom of the hearth, which was 4 feet 6 inches in thickness, 
consisted of two courses, set on edge and breaking joint. 
These lumps, as well as those forming the lining to within 
a short distance above the twyers, were chisel-dressed on 
both faces and joints, and made to the curve of the section 

* Proceedings of the Institution of Civil Engineers. 
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at each ccnuse. The piincipftl dunenaionii of the furnace are: 
diuaeter of hearth, 6 fiset; diameter at the bosh, 28 feet; 
total height &om hearUi to pUtfoim, 85 feet; depth irf 
hearth at twyen (four in nomber), 3 feet 6 inches; diameter 
of bell opening, 13 feet; and cubical capacity, 30,085 feet 
The ore to be smelted in this furnace is the argillaceous mm' 
stone &om the lias formation, yielding, after calcination, 
from 37 per cent to 40 per cent of metallic iron. The fuel 
la hard Dmham coke, 
and the flax princi- 
p^7 moontain lime- 
stone The iiimace is 
worked with hot blast 
at a temperature of 
about 1100° F., with 
a pressure of 3| Iba,, 
and the product is 
stated to be from i90 
to 500 tons of pig-iron 
per week 

A well built blast 
furnace will often last 
five years without re- 
quirmg to be blown 
out for repairs. 

The blast furnaces 
employed at Barrow, 
TJlverBtone, and other 
hematite districts of 
IjLucashire and Cmn- 
berland, are of the 
cupola type, repre- 
sented mfig 21; those 
. recently elected at 
Barrow - in Fumess 
^ being 62 feet in height, 
and 2 1 feet m diameter 
at tho boshes, working 
with closed tope ; wliile those previously in use were a little less 
in capacity, and the waste ffiaea were only partially collected by 
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a tube a suspended in the centre of the throat, and sup- 
ported on six libs of brickwork, as shown. The blast for 
these newer furnaces is heated to about 649®C. (1200°F.) by 
passing it through the hot blast stoves introduced by Mr. Gjer, 
and it is delivered to the furnace through seven 4-inch 
twyers, at a pressure of about 4f lbs. per square inch. 
'Such a furnace charged with raw red kcBmatite, limestone 
fltix, and using coke as fuel, affords a make of 700 tons of pig- 
iron per week. The stack of the furnace illustrated, has an 
internal fire-brick lining 18 inches in thickness, between 
which and the outer casing of ordinary brick, is a space 
which is filled with sand, and the whole is enclosed in an 
outer casing of wrought-iix)n plates riveted together. 

The Blauofen, or charcoal blast furnaces of Styria, difier 
from those adopted in this country, particularly in the absence 
of a fore-hearthy and in the smallness of the throat The 
furnace is formed of two truncated cones, the junction of 
their widest parts forming the boshes, whilst the front of the 
hearth is stopped by a stone, in which are openings for tap- 
ping out at short intervals the metal and slag, either together 
or separately; for the pig-iron and slag both collect in 
the hearth until tapped out. These furnaces smelt spathic 
ores, poor in manganese, along with brown haematite and 
mixed with 10 per cent of clay, and the charge consisting of 
these ores passes from the throat to the hearth of the furnace 
in from 4^ to 5 houra 

136. Charges of Fnmaces, etc. — In the Siegen district, 
in furnaces producing speigeleisen, a charge of 45 cwts. con- 
sists of about 29 cwt. of roasted spathic ores, 7 cwts of raw 
brown haematite, with 9 cwt. of raw limestone as the flux, 
and requires about 1 ton of coke for its reduction. 

In South Stafibrdshire the average charge consists of 48 
cwt. of calcined clay ironstone from the coal measures, and 
12 cwt. of Silurian or carboniferous limestone, per ton of 
pig-iron produced. Such charges when smelted with blast 
heated to a temperature of 750^0. (1422°F.) in furnaces of 
24,000 feet capacity, require about 20 cwt. of coke per 
ton of pig-iron produced. 

The average mixture for the production of a ton of pig- 
iron in the Cleveland district consists* of 46 cwt. of the 
*Proceediiie8 of Inst. Civil Engineers. 
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calcined argillaceous carbonate of iron, known as the Cleve- 
land iron-stone, with 11 cwt. of limestone and 21 cwt. of 
hard Durham coke, the furnace working with blast at a 
pressure of 3J lbs., and a temperature of llOO^F. (693^0.). 

At Dowlais, and other works of South Wales, the descent 
of the charge from the mouth to the hearth of the furnace 
occupies from 35 to 40 hours; while in Scotch furnaces, smelt- 
ing blackband ironstone, in certain cases, the charge does not 
reach the furnace hearth under 2^ or 3 days after charging. 

137. Furnace Tops. — ^Eor the purpose of collecting more 
or less perfectlj the waste gases escaping from the top of 
the blast furnace, in order to utilise or absorb the heat due 
to their high temperature, as also that which they are 
capable of generating by their perfect combustion, in the 
heating of the blast, coking coal, raising steam, etc., various 
methods have been adopted for both open, dosed, and 
partially closed topped furnaces. 

In reference to open topped furnaces, the simplest and 
most durable form is a method adopted for charcoal furnaces 
in the Upper Hartz and elsewhere, in which an annular 
space is formed in the masonry of the upper end of the stack 
of the furnace, communicating with the interior of the fur- 
nace beneath the surface of the charge by a number of open- 
ings or channels inclining upwards to prevent the lodgment 
of the charge in them ; a large pipe opens into the annular 
space, and is connected with a high stack for the production 
of the necessary draught to draw off the gases through this 
channel. In another arrangement a wrought-iron cylinder, 
of from 4 to 7 feet in length, is suspended in the mouth of 
the furnace, or a brick tube is built in the throat, and sup- 
ported at its base upon arms of brickwork from the sides of 
the fiimace, thus leaving a space between the outside circum- 
ference of the tube and the inner surface or lining of the 
furnace, in which space the gases accumulate and are led off 
by a pipe opening into it, connected as before with a stack 
giving the required draught for exhausting or drawing the 
gases in this direction. Instead of diminishing the furnace 
mouth by the introduction of this tube, sometimes the top of 
the furnace is increased in size, so as to receive the tube, 
when the inside of the cylinder is made of the same diameter 



tti t^ top of t&&&ziaee^ & aq^aee bem^Iefk Itetweenits ovfaer 
pflExpIii»7 and tiie nuas of be i BLwur k of ^e fixEXUMe, lAndL 
gpaee B eonxificted widL & tube sod ateekfior takiB|^off tlfce 
pwrw Ll itbeat snangeaaoaitB tBe gjiaes «e« wit&drmwn from 
Aedracsft/maa rf iiu& fimiafp, mi an^ > poetjon rf ^em 
aie ff>n^>^>faHi^ A cotun ^voimiK ^«*f""g ^ and teznin^ mt the 
•pen ^■u*'*^ of ^e fiirnaffp. 

Ll tiie eapolft blast fbnucea oaed in mwoilt^t^g ksmatite^ 
moatEsted in iig. II p^ 119, the top of the fumaoe is onl/ 
psrtianj daaedy snd ^e giaes^ whnji. ue oobf p«rtall j with- 
dEKwn, aze takoL from, tibe cbhAh of ^le tiirottt of tike fonuiioe^ 
for wiikh pozpoae & tiibe« is iaaorted in^e ^nitMU^ q£ a^ 
iiiromt, resting at its hxw&c end on arched nhs cf hEi^:work 
h^ i^vinging &Qoa tibe lining of tiie foznace^ An mnnnhiB is 
llns iormed around tiie tube between it snd the n{^per coarae 
cf maaoDiy or rm^^atS of tiie fdzn&ce, whidi sfmce oom- 
wmiflat^ii bj & nnniber of openings d d with the gallery or 
platfocm ftt wbidi the diargbig uftteiial is d^imed, and 
Ihioag^ whidi the diarge is introdoced into the furnace. 
The tube a commimicates with tiie cross tobe J] by wbidi 
the gaaes are oondoeied to tiie boilers for raising steam, to 
whidi purpose they are h»e wholly a{^ed. The witiidrKwal 
of the gaaes throogh a is assisted by an exhausting fan. 

Of arrangements whidi necessitate the do9uanofike tkroai 
of the fdrnace, and in whidi the whole of the gases are 
edlected, the most preraknt is some f(»nn of the cup and 
eone arrangement, iDastrated in fig. 20, page 117, consisting 
of a cast-inm cap, fimnel, or firostnm of a cone 9, fixed to 
the top of the fdrnace, the low^ opening being about one-half 
of the diameter of the furnace at that point. Beneath the cup 
is a cast-iron cone «, suspended from its apex by a chain or 
other attachment from a counterpoised lerer v, which can be 
elevated or depressed about a fixed centre by gearing, or by 
a system of levers acting on its free end, whereby the cone 
s can be raised or lowered ; ib is a pipe opening into the 
furnace, leading the gases from the throat of the furnace to 
the hot blast stoves, boilers, etc. where they are consumed, 
and their calorific power utilized. This method of withdraw- 
ing the gases afibrds also a convenient method of charging 
the furnace, the charge of ore, fuel, and fluxes being placed 
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in the cavity or hopper q formed by the ciip arrangement when 
the cone is raised against its seat, and the charge is allowed 
to fall at the desired period by lowering the cone 9, its form 
assisting in the better distribution of the charge over the 
surface of the inateriab already in the fuma«e, the larger 
pieces of fuel, etc., rolling towards the centre, while the 
smaller portions remain at the circumference. In this 
aiTangement the mouth of the furnace is only opened to the 
atmosphere during the short interval in which the cone 9 is 
lowered for the introduction of the charging materials. 

In order to economise the space required in the top of the 
furnace for the downward movement of the cone 9 in charg- 
ing the furnace, it has been proposed to fix « in the throat of 
the fariu«>e, and substitute for the cup q a movable cylinder 
of cast-iron, which could be drawn upwards so as to allow 
the chai'ge to fall into the furnace; but arrangements of this 
class do not perform the part of distributor of the charge 
as efficiently as the cup and cone arrangement, and have 
accordingly been discontinued. 

In LtuQgen's arrangement, erected at Horde and Siegburg, 
in Prussia, the mechanism is wholly external to the furnace, 
and, while closing the mouth of the furnace, it withdraws 
the gases from the centre of the throat instead of from the 
sides, as in the previously described arrangements. This 
apparatus consists of a bell suspended above the throat of 
the furnace, from the extremity of a lever, by which it 
can be raised or lowered, for the introduction of the furnace 
charge after the manner of the cylinder already mentioned, 
the bell sliding telescopically on the outside of the vertical 
gas tube, the several joints being kept tight by water, which 
requires to be added at intervals to supply the loss by 
evaporation, and the top of the tube is supplied with a safety 
valve to prevent explosions. 

138. Blast-main, Twyers, etc. — ^The blast from the blow- 
ing engines is distributed around the blast furnace in a pipe 
dy fig. 20, p. 117, called the hhast-wmny situate in the more 
modem furnaces at some distance above the level of the 
ground, and supported from the columns or pillars carrying 
the stack of the furnace. In the older form of furnace, where 
the stack is carried upon four huge columns of masonry ^ %xi 
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arched annulus was built in the base of the masonry for the 
reception of this pipe or blast-main, A pipe cidled the 
goose-neck passes vertically from the blast-main opposite 
each twyer opening, where it is connected by an elbow-piece 
with a horizontal pipe, to the end of which is attached the 
blast nozzle or bloivpipe, which is received by the twyer proper. 
The bend or elbow usually contains an opening clos^ by a 
glass or mica plate, to enable the workman to see into the 
hearth of the furnace, the bright spot thus seen being called 
the furnace eye. 

The blast is controlled by a stop valve on the main near 
the hot blast stove, or blowing engines, in addition to 
which each twyer has its own valve for the regulation of 
the blast In cold blast furnaces the twyer is made of iron 
or copper, into which the blowpipe is loosely inserted or 
connected to it by a flexible leather tube; but in hot blast 
furnaces, owing to the increased pressure and higher tem- 
perature employed, these connections are inadmissible. The 
twyer, as represented in section in the accompanying figure, 
known as the Staffordshire twyer, 
consists of a hollow truncated cone 
of wrought-iron, with double walls, 
leaving a clear space between the two 
for the circulation of a current of cold 
water, introduced and withdrawn by 
the two pipes shown. In the Scotch 
twyer, a spiral of Thx)ught-iron is 
enclosed in a cast-iron casing, Kg. 22.— Hot Blast 
through which the water circulates. Twybk. 

Bronze and an alloy containing phosphorus, known as 
phosphor bronze, have been used for twyers with reported 
success, as not being so readily acted upon by the masses of 
metal which occasionally attach themselves to the tw;f era 

The horizontal pipe connecting the water twyers with the 
goose-neck, or vertical pipe from the blast-main, consists of 
two portions: the extoemity or blotopipe end, formed of 
sheet-iron, is inserted loosely in the conical twyer, the space 
around it being plugged up with clay ; its other end is con- 
nected by a ball and socket joint with a telescopic pipe, the 
latter actuated by a screw, or rack and pinion, whereby the 
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blowpipe can be inserted or readily withdrawn for the re- 
moval of a leaky twyer, or other purpose; while the ball and 
socket joint allows of an adjustment of the direction of the 
blast, according as it is desirable to direct it upwards, down- 
wards, horizontal, or in a lateral direction. It is often 
desirable, for instance, when the produce is forge pig, to 
direct the blast horizontally, or slightly downwards, whereby 
a partial decarburization of the melted pig metal may be 
effected, attended also with the partial removal of the sul- 
phur, phosphorus, arsenic, etc., from the pig-iron. And 
when smelting refractory ores, or producing grey pig-iron, 
an upward inclination of the twyer is found advantageous. 

The number, (rarely exceeding seven) and size of the 
twyers depends upon the capacity of the furnace and the 
amount of blast to be introduced, as required for the different 
classes of ore treated and the iron obtained. Too much 
blast is attended with an increased consumption of fuel per 
ton of metal produced, also the reduction is effected too 
rapidly, insufficient time being allowed for the recarburization 
of the reduced iron; also the slags are cooled, and more or 
less solidified. On the other hand, an insufficiency of blast 
is attended with a loss of heat in the furnace, and the make 
(yield) of iron is diminished. The production of carbonic 
anhydride, with its attendant maximum of heat, extends but 
a short distance from the vicinity of the twyers, and, therefore, 
by arranging the twyers uniformly around the furnace, the 
combustion and heat generated are more perfectly distributed 
over the hearth than by passing the whole of the blast 
through one or two points. K one twyer only be used, it is 
the practice to place it in one side of the furnace, a little nearer 
the back than the front, the tymp being considered the front 
side ; where two are employed, as in small charcoal furnaces, 
they are placed in the sides opposite each other; and if a 
third be added, it is placed at the back opposite the tymp ; 
while, if a larger number are required, they are either placed 
in groups in each of the twyer arches, as two in the back 
wall, with one at each side, or two or more at each side, 
with one or more at the back ; or as in cupola, and other 
fdn^aces, with circular hearths, the twyers are usually dis- 
tributed at equal distances around the circumference. 
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139. Lifts. — ^For the purpose of raising the materials of the 
charge to the furnace mou^ except in hilly countries, where 
the mine is above the level of the summit of the furnace, 
and the materials can be run directly from the mine to the 
charging gallery, lifu or elevators of various types are 
employed. Amongst the older forms stiQ employed is the 
inclined plane, fig. 23, an arrangement consisting of an in- 
clined tramway between the ground and the top of the fur- 
nace, inclined to the horizontol at an angle of 25^ or 30^; 




Fio. 23. — ^Xkclikisd Plane, for elevating the chaige to 

the furnace mouth. 

it is formed of a pair of girders, braced together, and supported 
by one or more pillars, or upon trestle work, between the 
foot of the plane and the platform at the mouth of the 
furnace; on this incline is placed a platform carriage, A, tri- 
angular in vertical elevation, with two pairs of wheels of 
unequal size, as shown. The platform or table of the carriage 
is always horizontal as it moves up and down the inclines, 
and when at the foot of the plane, the table is level with 
the surface, so that the barrows can be run directly on to 
it, the table being large enough to hold four or more of the 
wheel-barrows employed for charging ; also, when the carriage 
arrives at the top of the incline, the table is then level with 
the charging platform of the furnace, and the barrows can 
be moved directly off the carriage on to the platform or gallery. 
At the Barrow Iron Works, two of these inclines are placed 
side by side, the carriages being connected together by a chain 
passing round a drum, so that as the one ascends, the other 
is descending, the necessary power being obtained from a 
small engine on the surface dnving the winding apparatus. 
At these works, two planes are suj£cient for the supply of 
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seven furnaces, or for raising about 8000 tons of ore, and 
other materials per week« 

The inclined planes, Jacob's ladder, and other forms of lift, 
have generally given place to some form of vertical lift, 
actuated either by steam, compressed air, or hydraulic 
pressure. Wben steam is employed direct, the material to 
be raised is placed in a cage, pr placed on a platform, moving 
between vertical guides, and connected with a piston actuated 
by the steam pressure. Of hydraulic lifts, amongst the most 
perfect are those constructed upon Sir W. Armstrong's 
principle, in which the platform is connected to a chain 
which passes over a system of pulleys before it is attached 
to the ram which is actuated by the hydraulic pressura 
According to the multiplication of the lengths of chain by the 
system of pulleys employed, the table is raised to a more or 
less considerable distance for a short movement of the ram ; 
in this manner a movement of 5 or 6 feet in the ram, 
actuated by hydraidic pressure from any source, communicates 
to the lifb an elevation of 30 or 40 feet, or more. 

Of the numerous pneumatic lifts, the one most extensively 
adopted in the more modem of the Cleveland furnaces is 
that of Mr. Gjers, in which a large cast-iron piston or ram, 
to which the table or lift is connected by means of wire 
ropes passing over large pulleys, and attached to each comer 
of the lift, works in a cylinder, some 36 inches in diameter. 
The weight of the piston is adjusted so as to exceed the 
weight of the empty platform by an amount, say, of one ton, 
while the platform, when loaded, is heavier than the piston 
by the same amount; hence, on applying beneath the piston 
a pressure of 3 or 4 lbs. above the atmosphere, it rises, and 
the table is brought down, while a similar exhaustion or 
vacuum produced beneath the piston causes it to descend, and 
the loaded platform to ascend. The necessary pneumatic 
pressure or vacuum is obtained from a small engine working 
pumps, which, by altering the position of a reversiQg lever, 
act either as exhausting or forcing pumps. 

140. Blowing Engines. — The engines for supplying to 
each large furnace 50,000 or 60,000 cubic feet of air per 
minute, in a constant and regular stream under a pressure of 
fronx 3^ to 7 lbs. per square inch, are necessarily of large 
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dimensions and power, and whether horizontal, vertical, or 
beam engines be adopted, cast-iron blowing cylinders are 
now generally employed in lieu of the fans, bellows, blowing 
cheste, etc., originally used. The steam cylinders are ofben 
45 inclies in diameter, whilst for the same engines the blow- 
ing cylinders are from 80 to 100 or 110 inches in diameter, 
and are fitted with solid pistons. The valves fitted to each 
end of the blowing cylinders for the admission of air to the 
cylinder and delivery of the same to the blast main, are either 
of the slide or piston type placed outside the cylinder, or 
they are flap or disc valves of leather or india-rubber fitted 
into the cylinder covers. Thus as the engine makes its 
stroke the air in front of the piston is driven under the 
required pressure through the delivery valve into the blast 
main, whilst the admission valves at the opposite end of the 
cylinder are at the same time opened to the atmosphere ; and 
a cylinder full of air is thus delivered to the blast main at 
both the forward and back strokes of the engine, whereby a 
continuous stream of blast is maintained between the engine 
and the blast furnace. 

To avoid the fluctuations, irregularities, and intermittent 
action of the blast, that would occur from an injection of the 
blast direct from the engine to the furnace, a regvlator is 
inserted in the course of the main, between the engine and 
the furnaces; this is merely a reservoir of iron, or occasion- 
ally of masonry lined with cement, of a capacity equal to 
from 20 to 50 times the volume of blast delivered per second, 
and provided with a manhole and safety valve. In this 
manner the blast is delivered in a continuous stream. If 
the main or pipes between the engine and the furnaces are of 
considerable length, the regulator becomes unnecessary, the 
volume of air contained in the pipes serving the same 
purpose. 

141. Baohette Furnace. — The Bachette famace has a 
shaft a about 30 feet in height, rectangular (oblong) in all 
horizontal sections, and gradually increasing in width frt>m 
the hearth to the mouth, which is about two and a half times 
the width of the hearth; the twyers, from twelve to sixteen 
in number, supplied from the blast-mains/,/ are arranged in 
two rows in the long sides of the furnace, not opposite, each 
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other, butflo tb&t the nozzles on the one side diiect the blaat 
against the space between the twyers of the opposite side, 
and so distribute the blast more unifonnlj' over the area of 
the hearth , or, instead uf separate twyers, one long twyer, 
with a horizontal alit in the direction of its length, distn 
bating the blast in one contmpous sheet of n-u has been tried. 




The two ends or fore-he&rths are exactly alike, allowing the 
metal and slag to be te-pped irom either end. In the walls 
are left a number of channels e,e communicating with one 
another, and with smular passages and a chamber d placed 
in the masonry beneath the hearth, these passages have a 
threefold object they serve to heat the masonry more 
qiuokly and uniformly, when the furnace is first lighted or 
bhati^n, by circulating, through the walls of the furnace, 
the gases from a fire made in the chamber d, and during the 
working of the furnace cold air circulates thiough tiiem, 
cooling the mass of masonrv, especially of the hearth, and 
lessening the transmission of heat from the &mac« to the 
exterior, lastly, they lessen the cost of the furnace by reduc- 
ii^ the quantity of mateidals employed in its erection. An 
economy in fuel is claimed for this furnace, due to the longer 
tame daring which the MtrnMug materials are exjiosed to the 
lit \ 
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ascending gases, due to the diminished velocity of the latter 
from the increasing section of the furnace towards the mouth, 
with a consequent reduction of the temperature and diminu- 
tion in the loss of heat carried away in the escaping gases. 

In the Ural districts of Russia, where these furnaces were 
first erected, they were worked with cold blast and charcoal 
fuel, smeltii]^ magnetic iron ores, when the produce of grey 
pig-iron was 30 tons per day of twenty-four hours. 

142. Hot Blast — ^The use of the hot blast, patented by 
Neilson in 1828, was first used in the Clyde Iron Works, 
and its use at the Blythe Iron Works was attended, in 1831, 
by the substitution in the blast furnace of raw coal for coke, 
and so rapid was its general adoption that, with one exception, 
it was in universal application throughout Scotland in 1835. 

The temperature to which the blast is raised depends upon 
the nature and quality of the fuel and ore employed, together 
with the kind of pig-iron to bo produced. Charcoal, as being 
less dense, and more readily combustible, does not requira 
the blast to be heated so high as where coke is the fuel; ac- 
cordingly, in charcoal furnaces, the blast is usually heated 
from lOO^C. to 300^C. (212«F. to 572^F.), while in coal 
and coke furnaces the temperature employed lises as high as 
SOO^C. (about 1477°F.), but the temperatures most generally 
in use range fi'om 60P«C. to 700^C. (IIOO^^F. to 1300«^F.). 

With the use of the hot blast, the combustion of the 
fuel commences much lower down in the furnace, the zone 
of reduction in the furnace is earned through a greater 
vertical distance, and there is a considerable inctease of 
the temperature in the vicinity of the twyers as compared 
with the same furnace working under cold blast; for 
. tlie injection of cold air is attended with a veiy consider- 
able absorption of heat in the vicinity of the twyers, due 
to the expansion of the air by the heat of the fuiiiace. Thd 
higher initial temperature of the hot blast, together with 
the more rapid combustion of the fuel effected by it, and' 
the conversion of the carbon of the fuel into carbonic an- 
hydride, causes the calorific intensity of this zone to be 
m&uch increased, which increase in the temperature first 
ilecessitated the use of water twyers for hot blast furnaces.' 
The effect of the introduction of the hot blast is a very 
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considerable economy in the item of fueL Percy states that 
at the Clyde Iron Works in 1829, when cold blast was used, 
the average consumption of coal used as coke was 8 tons 1 
cwt. 1 qr. per ton of pig-iron produced, while in 1833, at the 
same works, when using hot blast, heated to 300°F. (149 ^ C), 
the avei^age consumption of coal was reduced to 5 tons 3 cwt 
1 qr. per ton ; but in 1883 furnaces in the north using blast 
at a pressure of 4 lbs. and heated to a temperature of 900 ^F. 
(538^0.) were making iron with a consumption of 2 tons of 
hard spHnt coal to the ton of iron made. Dr. Percy also 
gives the estimated amount of charcoal used in the Swedish 
furnaces employing blast heated to 350^0. (662^F.), and pro- 
ducing grey iron from lake and bog ores, to be 67 per cent, 
of that required for similar furnaces working with cold blast. 

The advantages of the hot blast, then, are chiefly the acmng 
in fuel, with the increased make of the fumaca The former 
economy arising, as already noted, from the higher tempera- 
ture of the zone near the twyers, consequent upon the more 
rapid combustion of the fuel when burnt by heated in lieu of 
cold air, whereby the zone of active combustion or greatest 
heat is brought to a lower level in the frimace, attended with 
the reduction of the metal at a greater depth from the mouth 
than occurs under cold blast, and in this manner allowing of 
the use of raw coal instead of coke ; while from the enlarged 
hearth, with a better distribution of the heat over it, and the 
heavier burdens carried by hot blast frimaces, an increased 
make of iron is ensured. With the use of hot blast, the slags 
require to be more basic than in cold blast furnaces for the 
production of the same pig-iron, since, owing to the inci'eased 
temperature produced by the hot blaist, an increased amount 
of ffllicon will be reduced and pass into the pig-iron, with a 
deterioration of its quality as a foundry pig, unless its reduc- 
tion be to a certain extent prevented by the addition to the 
charge of a larger propoHion of lime, thereby rendering the 
slag more basic. 

143. Blast Ovens, etc. — ^The apparatus employed for 
heating the blast, known as hot blast ovens or stoves^ consist 
usually of a series of tubes of vaiious forms, connected at one 
extremity with the cold air, and at the other with the hot 
blast- main ; they are an*anged in a chamber of flre-brick^ 
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and are heated extemallj, either by ah independent fire made 
l>eneath, or more generally by the combustion of the waste 
gases collected from the mouth of the blast furnaces, which 
are burned in these stoves, so that the flame and gases play 
around the outside of the pipes before they escape to the 
atmosphere. The stoves heated by the last method are 
more durable than if heated by coal burnt on an independent 
;^rate. More recent are the stoves of Mr. Cowper and of 
Mr. Whitwell, erected upon the regenerative principle of Mr. 
Siemens, in the use of wnich a large saving in fuel is effected. 
The older form of stove consisted of a chamber containing 
a series of arched pipes of cast-iron, the feet of which were 
received in sockets connected with two mains placed along 
the sides of the chamber in the direction of its length, one 
of which was the cold and the other the hot blast-main. The 
arched pipes were at first made circular in section, but to 
increase their heating surface, oval or elliptical ^d square 
sections have since been employed. This stove, when heated 
by £ael direct, has an oblong fireplace along its whole length; 
but, as is now more usual, the gases from the blast furnace 
are introduced at one end, and air is admitted for their com- 
bustion through the bars of a grate placed at the same end. 
From eight to twelve pipes are thus placed in one chamber, 
which has a partition across the middle of its length, reaching 
nearly to the roof, and thus dividing the larger chamber into 
two ahorter ones, so that the gases or flame, after circulating 
around the pipes in the one, pass over into the other, and 
heat the pipes contained therein before escaping to the 
chimney or stack. To obtain a better circulation of the air 
through the pipes, stops have been introduced into the mains, 
80 that the blast ascends the arched tube from one main and 
descends to the opposite one; then returns back to the first 
main by the next pipe, and so on, so that the blast, before 
making its exit, circulates from one side of the oven to the 
other repeatedly in its course through the stove. In this 
form of stove the unequal expansion of the pipes, with their 
extremities "fixed to the mains, leads to very frequent break- 
ages, to obviate which one of the mains has been placed on 
rollers, allowing it an inward or an outward motion, as re- 
quired by the expansion of the arched pipes. 
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In what is known aa the piHot pipe modification (fig. 2C), 
from a supposed resemblance in the form of &e pipe to tho 
shape of a pistol, the pipes a aie arranged along the tvo ddes 
of the median line or fireplace b, if the stove be heat«d hy 
such ; the pipes of the two sides are not, however, connected 
by an arch, as in the last case, bat the closed end of each 
pipe is turned slightly over and tnay rest against the opposite 
pipe, which tiius support each other without being directly 
connected. Each pipe is divided by a eeptum or partition. 




26.— Pistol pipe Hot Blast &tovb. 
reaching nearly to the closed end, and connected at its foot 
with a corresponding division in the main, so that the oold 
blast &om the intake d,d ascends the pipe and returns down 
the same pipe, but on the opposite side of the septum, as 
indicated by tike direction of the arrowa, to the exit aide /of 
the main, which is connected with the furnace. This form 
of stove is used in Scotland, Cleveland, and other districts of 
England, as also in France and Oemumy. 

In the round and oval ovens used in Lancashire and 
Stafiordshire, the two mains, running the length of the t/xm 
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in the previous cases, are replaced by » caat-iroa circular 
or aval ring, trapezoidal in section, and divided by a par- 
tition into two compartmentB, or an inner and an enter 
annulns, one of which serves as Uie cold and the other as the 
hot blast-main; the two pipes or channels so formed receive 
tlie lower ends of the vertical heating pip^i which are placed 
close tc^ether in purs all round the stove, the npper 
extremity of each pair being joined by a short horizontal 
pipe ; the fireplace is placed in the centre, the fiame and 
products of combustion muTring their exit through flues in 
the dome sutmounting the heating chamber o 




Fig. ZI.—LonaUudmal .VerUeal SectUm. Vig.2^ —TroMverte StctioH. 

Hot Blast Stovi. 

Other stoves in use in Lancashire, Staffordshire, etc., aro 
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rectangular in form (figs. 27 and 28), and have two mams 
running along the sides for the length of the stove, which 
serve as .inlet for the cold air and outlet for the heated blast 
respectively ; these pipes or channels receive the lower end 
of onjB limb of each of the vertical heating pipes a, a, of 
which there are six rows of three pipes each, in each stove, 
and thQ cpld air entering at on^ end of the oven ascends one 
limb and despends through the other limb of each of these 
pipe^ before it passes out of the stove to the hot blast-main. 
The stove is heated as before, either by its own fire or by 
the gases of the blast furnace, introduced into a chamber 
beneath the pipes, and burnt in the space surrounding theni^ 
the flame and products of combustion making their exit 
through flues 6, 6, in the dome surmounting the heating 
chamber or oven. 

The loss and difficulties arising from the fracture, rapid 
eorrosion, and oxidation of the iron pipes when very high 
temperatures are employed, have led to the introduction of 
(Stoves on the Siemens* "regenerator" principle. The mass 
of brickwork foiming the regenerator or stove ia heated 
either by its own direct fire, or by the sensible heat, and the 
heat generated by the combustion of the waste gases of the 
blast furnace. 

144. Cowper's Stoves.— The hot-blast stove introduced by 
Mr. Cowper acts upon the principle of the Siemens' regene- 
rator, in which fire-brick heating surfaces are substituted 
for the cast-iron tubes, detailed in the previously described 
stoves. The brick permits of a much higher temperature 
t>eing imparted to the blast than is practicable in stoves of 
which cast-iron is the heating surface, and by their use a cor- 
respondingly large increase occurs in the yield of the blast 
furnace. In the earlier forms of this stove, introduced at 
Ormesby, near Middlesborough, the fire-brick chambers were 
heated by a fire maintained below them ; but the present 
practice is to heat the stoves by the combustion within them 
of the waste gases of the blast furnace. For heating the blast 
continuously, a pair of stoves is necessary, the blast being 
turned alternately through each at intervals of about one 
and a half hours. As applied for utilising the blast furnace 
gases,, the stoves consist of cylindrical chambers of fire-briok, 
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closed at the top, and cased with wrought-iron plates. A 
vertical shaft is formed towards one side of the stove, and 
reaches almost to the roof ; in the space aronnd this, and 
between it and the walls of the stove, is built a chequer 
work of fire-brick, aiTanged so as to leave rectangular spaces 
between and amongst the bricks, for the passage of the heated 
gases and cold air alternately. At the lower end of the ver- 
tical shaft are suitable valves which connect the stove with 
pipes for conveying the furnace gases and air for their com- 
bustion to the stove; whilst another valve connects the stove 
with a flue from the stack which produces the necessary 
draught. On closing these valves communication can be 
opened between the stove and the exit pipe, or pipes, leading 
the heated air to the blast furnace. In this manner the com- 
bustion of the gases is effected at the top of the stove, and 
the flame, with the heated gases, is drawn down through the 
channels amongst the bricks, and escapes to the stack at a 
comparatively low temperature, while the mass of brickwork, 
after from one and a half to two hours, will have attained to 
a uniform strong red heat. The gases are now turned o£^ 
communication with the chimney closed, and at the same 
time the other valves are opened, by which cold air is drawn 
in at the bottom and passed upwards from the colder to the 
hotter part of the stove, reabsorbing in its passage the he^t 
previously imparted to the fire-bricks. The temperature of 
the air in this manner is raised to 700° C. or 800° C. before 
being .driven iiito the blast furnace. Meanwhile, another 
stove has been heated in the manner first described, and, 
Sifter one and a half hours, the course of the gas is agaiu 
reversed, and the first chamber is reheated while the second 
chamber is heating the blast, and so on. 

The Cowper hot-blast stoves recently erected have been 
much increased in size over those erected during the earlier 
years of their use, and they now reach to 50 and 55 feet in 
height by 20 and 25 feet in diameter. Their construction has 
also been modified so as to facilitate the cleaning out of the 
dust, etc., which accumulates in the flues and in the fire-brick 
chequer work. With either the Cowper or the Whitwell 
stoves to be subsequently described, the highest temperatures 
required by modem blast-furnace practice, even such as are 
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necessary for the production of apeigeleisea aitd of ferro> 
mai^neee are readily attained, whilst the difTerenoe in 
temperature obsei-red whea the correut of blast is turned 
from the one stove to the other ib confined within very 
nari'ow limits, and is not 
sufficient to affect the 
vorking of the blast- 
furnace. 

The most recent Cow- 
per stoves, figs. 29, 30, 
oonsiBt of* an outer 
wrought- iron casing, 
lined internally with 
several rings of fire- 
brick work, the stove 
being closed hy a dome- 
shaped roof also lined 
with fire-brick. The cif 
cnlar flame flue m, in- 
stead of being central as 
at first constructed, is 
built so as to touch the 
fire-brick lining at one 
side, and at its base are 
the inlet valves O for 
tbe gases from the blast- 
furnace, and the valve 
A for admitting the air 
necessary for the com- 
bustion of those gases, 
whilst at H is placed 
the outlet valve for the 
hot-blast 

The body of the stove, as shown by fig. 29, is thus largely 
occupied by the fire-brick chequer work or regenerators (, at 
the base of which are the cold-blast valve B and the chimney 
valve C, whilst at D and D are the cleaning doora. Built at 
intervals over the bottom of the stove are dwarf pillars n of 
brick-work, which carry short girders, upon which rest a 
* Aathor'a Sretand /ron, p. Ifil. 
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Beries of strong girds P, fig. 30, for carrying tbe re^ene 
i«ton or cheqner work of fire-brick. The bricks in the 
ivgeneratois are now made smaller than formerly, and are 
nmmged ao aa to leave vettieal open pasaagee of about 4 
inchea square from the girds at the bottom to within a few 
feet of the domed top of tbe stove. 

When the chimney-valve C, fig. 29, is opea, gas and air 
are also being admitted at the b<Atom of the flame fine m, 
through tbe gas and air valves G and A respectively. The 
gases at once ignite, and an immcnae flame, split iq> into 
three carrmite by the parti- 
tions showa iu tbe [dan, 
tig. 30, ascends thiimigh 
the Same -flue m, and 
spreads out beneath the 
I roof over the tc^ of the 
'^ regenerators, from whence 
the incandescent products 
of ooipbustion are . drawn 
downwards through the 
numerous passages of the 
Kg. 30.— Skthomal Plas of ths chequer work towards the 
CowPBB Hot-blast Srova. chimney flue C, thus heat 
ing the chequer work to a very high temperature before the 
gases finally escape by the chimney at a temperature of.only 
about 240° C. (400° F.). 

The stove having beon heated in the above manner, tbe 
gat-vahe O, the air-valve A, and the chimney-valve C are all 
dosed, while the cold-blast valve B, fig. 30, and the hotilatt 
valve H are opened, whereupon the blast from the engine 
enters the stove at B and ascends through the numerous 
small passages of the regenerators to the full height of the 
stove, aad then descends through the flame-flue m to the hot- 
blast valve H, through which it is driven to the blast main, and 
BO to the furnace twyers. In this manner the blast oii-cnlates 
through the stove in exactly the reverse direction to that 
toaversed by the gases when heating up the stove, and the 
oold-blast absorbing the heat stored up in the fire-brick 
regenerators is rapidly raised to a temperature of from 600° 
a to 800" C. (1110° f. to 1472" F.) as may be iequii«d. 
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14fi. Whitwell Stoves. — lu therc Btovea, as in the 
Cowper Btoveo last described, a mass of brickwork withia 
the stove is fiist heated to redness by the heat developed 
apon the combiiBtion within the stove of the waste gases of 
the blaBt-fumace ; after which the combustible gases and air 
are directed into auotbei* stove, whilst the heat stored 
Qp in the brickwork of the £rst stove is imparted to the 
blast of air which is now driven through it by the blowing 



The principal differences between the Cowper and the 



gement of the fire- 



Whitwell stoves oonsiet 
hrioks forming the 
lieAting Bur&oea, and 
ill the manner in 
which the combustioa 
of the furnace gases 
is effected within the 
Btova Mr. Cowper 
•fxaages the bricks 
forming the body of 
the stove, as a chequer 
work in which nume- 
rous small passages are 
left, through wluch the 
air and gases circolato; 
whereas in the Whit^ 
well arrangement, the 
beating. surfaces con- 
sist of a number of 
narrow vertical flat 
walls or flues, m, figs. 
31, 32. In the Cow- 
per stove also the com- 
bustion of the gases is 
effected in one lai^ 
fUme-flne or combus- 
tion chamber m, fig. 29; 
whilst in the Whit- 
well urangement the air required for the combustion of the 
giflfin is admitte4 at several points, and the combustioa ia ' 
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tfaiis only com[)leted after the gasea have partially traversed 
throagh the stove. 

The Whitwell stovea are from 60 or 70 ft. in height, and from 
20 to 22 ft. in diameter. They consist of a vertical cylindrical 
casing(fig. 31) of wroaght-iron plates ri.vet'ted together, within 
which is built a lining of fire-bricks ; but between this lining 
and the outer shell is left a space of abont one inch, which 
is filled up with granulated slag. Within the cylindrical 
chamber are built a series of narrow vertical chambers m, m, 
the difierent rows of which commnnicate with each other 
either at the top or the bottom. Attached to the ontaide of the 
casing are cast-iron valves for regulating respectively the 
supply of gas, air^ and blast to the stove, and for connecting 
the stove with the chimney, as will be immediately de- 
scribed. The casing, ete., of the valves for admitting the 
blast-furnace gases to the stove, and connecting the stove 
with the hot-blast main, are usually made hollow, and 
are cooled by the circulation of water through them. 
Near to the bottom of the stove are eye-pieeea, F, F, Kt- 
tnged around the circunifer- 
ice, and through these a view 
of the interior is obtained so 
s to judge of its temperatiira 
I and requirements. In the roof 
of the stove are apertures, F, F, 
closed by covers during the 
I'egular working, but movable 
for the introduction of long 
Kg. 82.— HoBiEoHTAL BXTTioN scrapers for cleaning the dust, 
OF THB Whitwbll Hot-blast ete., &om the several flues; 
S'ovB. also at E, E, fig. 31, near the 

bottom are arranged six openings for cleaning out the 
dust, eto , collected from the flues into the bottom of the stove, 
and which openings are closed by movable doors as required. 
The gases from the blast-furnace enter the stove by the - 
valve A, whilst at the same time air enters through the 
fur-coiirses G, sufficient in quantity, however, only for the 
partial combustion of the gases. The heated gases then ascend 
through the vertical combustion chambers to the top of the 
stovt^ as shown by the course of the arrows, whero the gasea 
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distribute themselves over the top of the flues, and descend 
by one or more chambers towards the bottom of the stove. 
Here more air is admitted, and the combustion of the gases 
is completed as they reascend from the bottom to the top 
of the stove through another wide combustion chamber. The 
products of combustion finally descend through the other 
narrow flues or chambers to the chimney valve, from which 
they escape to the atmosphere at a temperature of from 
300° F. or 400° F. (U9^ C. or 204° C). 

When the fire-brick chambei's of the stove have been thus 
sufficiently heated, the gas-valve A, the chimney-valve C, 
and also the air-valve are each closed, whilst the cold-blast 
valve D, with the hot-blast valve B, which were previously 
closed, are thereupon opened. The current of blast thus enters 
the stove at its coldest point D, near the chimney valve, and 
|>a8ses through the several passages towards the hotter parts 
of the stove exactly in the reverse direction to that pursued 
by the gases in heating up the stove. In this manner the 
blast, by passing over the heated brickwork, becomes heated 
before it passes out at B to the hot-blast main at a tempera- 
ture of 1 300° F. or 1400° F. (704° C. to 738° G.), while higher 
temperatures are attained according as the reversal of the 
Talves required for heating up the stove, and for passing 
the blast through the isame, is eflected at more or less frequent 
intervals. 

146. Flne-duBt. — ^The white or grey dust which is carried 
over with the waste-gases from the blast-furnace contains 
about 24 per cent of silica, existing partly in the free state, 
but also in combination with lime, potash, soda, and alumina^ 
Idme forms about 26 per cent., potash about 17 per cent., 
soda 9*5 per cent., and alumina 10 per cent, of this dust, 
whilst the other constituents are magnesia, ferric oxide, 
manganous oxide, sulphur, carbonic anhydride, water, and 
cyanogen, each in smaller proportions. This dust collects 
with such rapidity in the chequer work of the Cowper stoves, 
and on the walls of the vertical cells in the Whitwell 
stoves, as to require removing by the cleaning of the stoves 
at comparatively short intervals in the manner already noted.. 



CHAPTER VIII. 

MALLEABLE IBOK 

Ibok in its TniTn'mnTn state of carboration is designated as 
malleablef bar, or wrought iron; it then possesses a. colour 
varying with its quality, and the mechanical treatment it has 
undergone, from bluif^ to blackish shades of grey. After 
melting it is decidedly crystalline or granular on fracture; 
but on rolling or hanmiering it assumes a fibrous structure, 
at the same time greatly increasing in tenacity. Its specific 
gravity ranges between 7*3 and 7*9, average specimens giving 
about 7*6 to 7*7; its linear and cubical expansion by heat 
are less than those of most metals, a bar expanding 0*000111 
to 0*000126 of its length for each degree centigrade ; its 
specific heat is 0*114, taking water as imity. The melting 
point of malleable iron varies with its degree of carburizsr 
tion: the larger the amount of carbon it contains, the lower 
being its melting point. Scheerer gives the melting point 
as 2000^0., but before fusion it passes throuirh a soft pasty 
condition, in which, if two deanT^ bi brought into 
contact, and pressure applied, union takes place between the 
two, or, technically, the pieces are welded together, maJleable 
iron possessing this quality of welding in the highest d^ree; 
at a red heat it may be hammered, forged, or rolled into any 
required form. The mdUeahUity and duetUUy of malleable 
iron are very considerable, increasing with the temperature 
to which it is heated, but these qualities are powerfully 
influenced by the presence of only small quantities of certain 
impurities ; the presence of only 0*03 per cent, of su^hur 
rendering it red-short, that is, brittle and unforgeable. while 
in the hot state; small quantities of copper also are attended 
with the same result ; while phosphonu, on the other hand, 
renders the metal weak and brittle at ordinary temperatures, 
or, as it is called, coldshort. Eggertz states that tiie pre- 
sence of 0*25 per cent, of phosphorus makes malleable iron 
sensibly cold-short. 0*35 per cent, of sUicon in bar iron 
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indnoes cold-ahortneaa, at the same time lessening its tenacity. 
Tin hardens malleable iron, but at the same time renders it 
extremely brittle, incapable of being welded, and cold-short. 
Antimony and arsenic also produce a coldshort iron. Tiicmium 
present in pig-iron passes but in small qnantities, if at all, 
into the malleable iron produced therefrom, and cannot 
accordingly influence its quality. Zinc and iron alloy well 
together, as in the operation of gcUvanizing iron, in which 
an alloy of zinc and iron (foimed by the immersion of clean 
iron plates in melted zinc) is deposited on the surface of the 
plate ; such galvanized plates do not so readily suffer from 
oxidation on exposure to moist air. Continued hammering of 
iron in the cold state induces hardness and brittleness, with ik 
more or less crystalline structure in the iron. Malleable iron 
undergoes no change in dry air, or water free from air; but it 
is rapidly coated with a scale of oxide or rust if it be exposed to 
the action of moist air, the oxidation and corrosion extending 
quite through the mass, if a sufficient length of time be 
allowed (p. 19). Heated to redness, and it rapidly oxidises^ 
ordinary /or^6 sccUe being an oxide so formed ; while if heated 
to whiteness in the air, it bums with the production of mag- 
netic oxide ; bar-iron so heated, in contact with air, is tech^- 
nically called burnt iron, and in this condition is very fri- 
able, is both red-short and cold-short, and incapable of b^g 
jwelded; these latter peculiarities of burnt iron are ascribed by 
isome to an absence of carbon, and by others to the presence 
of oxide of iron in the mass. For the action of carbon, car- 
bonic oxide, cyanogen and carbonaceous matters upon iron at 
a fed heat, see p. 76.. Malleable iron is strongly attracted by 
the magnet, but cannot be permanently magnetised ; if hoated 
to redness, and plunged into cold water, it .is not hardened 
but retains its original softness ; it is completely dissolved 
in moderately dilute acids, but very dilute hydrochloric acid 
leaves a carbonaceous residua Malleable iron usually con- 
tains from 0*02 per cent to 0*25 or 0*3 per cent, of carbon, 
but iron containing the latter amount of carbon is essentially 
steely in its character, 0*2 or 0*25 per cent, being the more 
usual limit to the carburization of malleable iron ; the steely 
quality is, however, influenced by the freedoni of the metal 
from other ingredients, especially silicon, sulphur, and phos- 
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phbros; the more free iron is from these elements, the larger 
is the proportion of carbon that can be combined with it 
without producing the steely quality. The tensile strength 
of malleable iron ranges from 17 to 26 tons per square inch, 
the average strength of the best qualities being Irom 23 to 
24 tons per square inch, and a piece 2 inches long and ^ inch 
in sectional area of such metsd will stretch 40 per cent, of 
its length before breaking. The tensile strength is very 
much increased by wire drawing. 

ANALYSES OF MALLEABLE OR BAR IRON. 
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Bar-iron of commerce is designated as No. 1 iron or 
puddled boTf No. 2 or merchant irorif and No. 3 or best 
irony while further treatment of the bar yields heat best and 
treble best iron. These grades or qualities have reference 
chiefly to the treatment in hammerings pili^» welding, laid 
rolling of the metal after its conversion from pig-iron to 
malleable iron. For No. 1 iron, the bloom of malleable iron 
is removed from the furnace in which it has been produced, 
and hammered, or squeezed, and then passed at the same 
heat through the series of grooves in a train of rolls, whereby 
it is converted into a long flat bar, usually having a rou£^ 
surface, and of dimensions varying with the purpose to 

♦ Probably too high. 
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wHcli it is to be applied. For the production of i^o. 2 or 
merchant bar, Ko. 1 is cut into lengths and piled into oblong 
recta&gular masses, which are then raised to a welding heat 
in a reheating furnace, when the mass is hammered and 
re-rolled, or may be roUed without the intermediate hammer- 
ing, the pressure of the rolls welding the various elements 
of the pile into one mass. This class of iron is the lowest 
thai is available for smith's work. The process of cutting 
up, piling, reheating, and welding by rolling is repeated upon 
No. 2 for the production of No, 3, and so on. The size of the 
pile, manner of piling, and quality of irons introduced into any 
pile, depend upon the form and use for which it is intended. 
No. 3, or best iron, is tougher and more ductile than No. 2, 
and altogether better adapted to the uses of the smith; this 
is the quality designated in engineers' specifications as best 
Staffordshire. Best best is used for chains, rivets, etc. 

Malleable iron is produced either direct from the ores, as 
by Siemens' process, and the Catalan process, the latter now 
only practised in the Pyrenees, India, Sardinia, and some 
parts of America and Africa; or by the indirect process, in 
which pig-iron is treated in furnaces so as to deprive it of 
almost the whole of its carbon, silicon, sulphur, phosphorus, 
and of certain rarer metals when these chance to be present 
in the original pig-iron. 

PBODUCTION OF MALLEABLE IRON DIRECT FROM THE ORB. 

147. Siemens' Process. — ^This process, as also the furnace 
employed for the production of malleable iron direct from 
the ore, is described under steel, p. 210. 

148. Catalan Process. — This almost extinct process is 
conducted in a furnace, consisting of a hearth or four-sided 
cavity (fig. 33), somewhat wider at the top than at the 
bottom; the bottom is made of some refractory stone, as 
sandstone, granite, porphyry, etc., and is either fiat or slightly 
concave. The back wall tlu:ough which the twyer is intro- 
duced is formed by the brickwork of the building, fiBiced by 
rectangular pieces of iron a, a to the level of the twyer, 
above which is stonework ; the opposite side is convex out- 
wards, and is formed by pieces of iron, 6, b resting «i<^«Ax\aX.\\\.^ 

19 I. ^ 
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maaonry, of the two other Bides, ^e one ib formed of rough 
masonr;, while the other, forming the front of the furnace, 
consists of two plates 
of iron, in the lower 
(f which IS made a 
hole for tapping out 
the elag from the 
hearth, the top edge 
of this plate serves 
also as a ^Icrum for 
the bars employed m 
lifting the bloom of 
metal &om the hearth 
The twyer of sheet 
copper IS introduced, 
aa shown, through the 
side wall, the blast of 
cold air being main- 
tained hy a machms 
called a trompe, an 
apparatus consistmg 
of two tanhs, Hie 
Fig 33 — Catalak Ptomacx upper one a, fig 34, 

communicating with a copious supply of water, and oon 
nected with the lower tank or air chamber 6, by two 
wooden pipes or trees e, e, provided with holes at d, d, 
inclined as shown, the upper ends of the pipes are 
opened and closed by the mtroduction or withdrawal of the 
stopper e from the funnel shaped mouth formed in the top 
of e, c; in £ is an opening / for the escape of water, while 
the twyer is connected by sheepskin with the pipe a, jtnned 
to the flattened copper tube forming the twyer. By raising 
e, tlie water passes down c, drawing the air through tho 
oblique openings d, d along with it, the water escaping firam 
the chamber 6 by the opening /, while a continnouB blast 
of Eur is thus nuunttuned through s; this form of blast ie, 
however, under the disadvantage of being always highly 
charged with water. 

The twyer is usually inclined at &om 30 to 40 degrees, 
but this varies with the degree of carburization it is desired 
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to attfun in the product, the less the inclination and the more 
slowly is the metal reduced, thna allowing a more lengthened 
contact of the re- 
duced metal with 
the fiiel, attended 
with a higher de- 
gree of carbuiiza- 
tion in the product, 
or the production of 
a rteely iron; on the 
contraiy, a greater 
inclination, promot- 
ing the rapid reduc- 
tion of the iron is 
attended with the 
productionof a softer 

In conducting the 
process, the hearth 
bottom, supposed to 
be heated &om a 
previous chai^, is 
covered with a coat- 
ing of charcoal, and 
then the ore, usu- 
ally an easily re- 
ducible broVn lue- 
matite broken into 
small pieces, ' is 
placed against the 
side b, b, until the 
cavity is about one- 
third filled (if car- Fig. 31. — Tbomfe or BLowiko Macbime or 
bonatea of iron be ™' Oataun FuauAci. 

smelted, they must be first roasted or calcined), the space 
between this and the wall a, a is filled with charcoal; tha 
whole is then covered with a layer of moistened charcoal 
dust and small ore. For the first two honra the full force 
of the blast is not employed, after which the blast is turned 
on full, and the workman pushes the descending pasty chac^ 
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towards the twyer, to promote its fusion and the separa- 
tion of the reduced metal from the slag ; fresh ;quantities 
of small ore being continually added until the whole charge 
has been introduced. The metal and slag then collect in the 
hearth, from which the slag is tapped out at intervals through 
the hole in the front plate. In about 5 hours the reduction 
is complete, and, the blast being turned off, the spongy metal 
or mass of malleable iron, weighing about 3 cwt., is collected 
together into a ball, which is lifted out by the workmen 
and shingled into a bloom, which is subsequently cut up and 
drawn out into bars. 

In this process, the first effect of the heat is the expulsion 
of water from the ore, which, being thus rendered porous and 
readily permeable to the ascending cuiTent of carbonic oxide 
(CO), is almost wholly reduced by this gas. The spongy mass 
so produced is then melted before the twyer, with the sepa- 
ration of the slag from the metal, and a considerable waste 
of iron is at the same time necessitated, since, owing to the 
comparatively low temperature employed in this process, it 
is necessary to maintain a very fluid slag or cinder, con* 
sisting essentially of a ferrous silicate of the formula 2 FeO, 
SiOg. Such a silicate, in addition to its fluidity, also exer- 
cises a decarburizing effect upon the molten iron, whereby 
its combined carbon is oxidized to carbonic oxide, with the 
i-eduction of metallic iron from the slag. In this manner, 
from the low temperature at which the iron is reduced, 
together with the maintenance of a very fusible and fluid 
slag of silicate of iron, the carburization of the metal to the 
state of pig-iron is prevented, and the product is removed from 
the hearth in the state of malleable or at most a steely iron. 

In India, malleable iron is made direct from the ore in fur- 
naces, with shallow hearths and an artificial blast, resembling 
the ordinary smith's hearth; or in furnaces with shafts work- 
ing either with, or without an artificial blast. The charges are 
however small, the masses or blooms produced varying from 
20 to 200 lbs. in weight. 

149. Chenot Process. — This process is described, page 209. 

160. American Bloomery Process. — Formerly the whole 
of the iron obtained in England was made by this pi-ocess, 
^ which malleable iron is made direct from the ore at one 
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operation. The process is still worked somewhat extensively 
in the United States and Canada. The following description 
of the furnace is from the report of Dr. Sterry Hunt : — ^The 
hloomery hearths or low furnaces measure from 27 to 28 
inches, by 30 to 32 inches along the sides, and are only 20 to 
25 inches in height above the twyer, and from 8 to 14 inches 
in depth below it. The sides, formed of cast-iron plates, 
about 1^ inch thick, slope inwards and downwards, and rest, 
in the more modern of the furnaces, upon the hollow casting 
of iron which forms the bottom of the furnace, the latter 
kept cool by water circulating through it ; in the older fur- 
naces, instead of hollow iron castings, the hearth is formed 
simply by beating in clay or slag. The twyer is placed 12 
inches above the bottom, and is inclined so as to make the 
blast strike the middle of the hearth, the twyer opening being 
a segment of a circle 1^ inches in height, and f inch wida 
A water box is let into the twyer plate, through which a 
stream of water circulates for keeping the twyer cool, t^e 
water passing from it to the bottom plate of the furnace, 
where it serves a similar purpose. In front of the furnace, 
at 16 inches above the bottom, is a flat iron hearth,^ 18 inches 
wide, in the side plate beneath which is formed a tap hole, 
through which the dag is withdi-awn from time to tima 

The blast is heated to from 500^ to 600°F. (280°C. to 
320°C.), by passing it through cast-iron syphon pipes placed 
in chambers above the hearth, and is employed at a pressure 
of from 1 j to 2 Iba per square inch, except when smelting 
the finer magnetic sands, when the pressure is reduced to 
from I to 1 J lbs. per square inch. 

The fire being lighted, and the furnace heaped up with 
charcoal, the powdered ore is scattered at short intervals 
over the top of the burning fuel. In passing downwards 
to the twyer the metal is reduced, but without fusion, the 
grains of metal agglomerating in the hearth to the formation 
of an irregular mass or loup, while the earthy matters are 
separated as a liquid slag, which is tapped out at intervals 
In about three hours fuel and ore have been continuously 
supplied as the charge worked down, a mass or loup of about 
300 lbs in weight has collected, and is lifted by a bar from 
the hearth, and held for a few minutes before the twyer^ «a 
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as to obtain a welding heat, when the loup is shingled into a 
bloom, and is reheated in the bloomery fire for drawing it 
into bsirs ; the fires thus work continuously, each produces 
about 2400 lbs of blooms per day of twenty-four hours. 

The . ores employed in this process are rich and pure 
magnetic iron ores, and titaniferous iron sands ; the latter, 
owing to their more refractory character, do not give such 
favourable results as the purer and more easily reduced mag- 
netite, and the process is not applicable to the working of ores 
containing less than about 50 per cent, of metallic iron. 

PBODUCnON OF MALLEABLE FROM CAST IRON, OR INDIRECT 
PROCESSES FOR THE PRODUCTION OF MALLEABLE IRON. 

The indirect processes, or methods by which the ore is first 
smelted in the blast furnace and the pig-iron so obtained, 
then treated in suitable furnaces for conversion into malle- 
able iron, are of two classes. 

The first, where the pig-iron is treated in open-hearths, 
along with coke or charcoal as the fuel, includes the South 
AVales Process, the process as conducted in the Swedish 
Finery or Lancashii*e Hearth, and the Walloon Process of 
Germany ; but all of these, and especially the last-mentioned, 
are declining in importance. 

The second methods are those in which the pig-iron i6 
treated for decarburization, etc., in covered or reverberatory 
furnaces, constituting the puddling processes, and they are by 
far the most impoi*tant of the methods for the production of 
malleable iron. 

The indirect processes permit of the use of much inferior 
classes of fuel and of smelting materials than is permissible 
with the direct processes; and this is especially the case with 
the ordinary puddling operations where raw coal and the 
most inferior class of fuels may be employed, since the fuel 
does not come into direct contact with the metal under treat- 
ment, but is either burnt on a separate grate, or it is in the 
first instance employed for the generation of gas which is 
subsequently burnt on the furnace hearth. 

The direct methods are only applicable where superior fuels 
and the richest classes of ores are available, since the on^. 
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flux, and fuel are all in contact on the same hearth ; while, 
owing to the low temperature and extreme fluidity of the 
slags of ferrous silicate, which are produced in the direct 
processes^ it is necessary to use only such ores as are suffi- 
ciently rich to allow of a large percentage of the metal 
escaping reduction. 

OONVEBSION OF PIG-IRON INTO MALLEABLE IRON IN OPEN 
HEARTHS IN CONTACT WITH THE FUEL. 

The reactions involved in the conversion of pig-iron into 
malleable iron in open hearths, do not materially differ from 
those described for the puddling process, though the furnaces 
employed and the practical manipulation involved, differ 
much in detaiL The essential differences between the two 
methods consist in the use of raw coal, and in the^mn^ of the 
luetal out of contact with the fuel in the puddling process, 
whereas in the present processes coke or charcoal alone -are 
the fuels employed, and the fining takes place with the fuel 
and metal on the same hearth. 

151. Sonth Wales Process. — ^This process, classed some- 
times as a variety of the WaMoon procesSf is employed in 
South Wales for the production of a superior quality of iron, 
required for the manufacture of the so-called charcoal plates^ 
which are used in the production of tin plates; and for this pur* 
pose pig-iron smelted with cold blast is also often employed. 

The furnaces employed consist of a small refinery or running 
out fire, connected by inclined channels with two charcoal 
fineries^ which are placed in front, and at a slightly lower 
level than the refinery with which they are connected. The 
refinery is similar to that described (p. 156), but it has only 
two twyers, and measures only 18 inches square. The char- 
coal fineries are rectangular hearths, provided with a single 
slightly inclined twyer, through which a blast of cold air is 
delivered, and the hearths are each surmounted by a chimney 
or stack. The hearth has three sides vertical, while the 
fourth, or working side, slopes a little outwards, and the 
bottom plate is kept cool by a current of air passing beneath it. 

The charge of 5 or 6 cwt. of pig-iron is introduced into the 
refinery, is melted down under coke, and riefined to a certain 
extent by blowing in atmospheric air, as described (p. 158). 
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ITie imperfectly re&ned metal is then tupped out from the 
bottom of the liearth along gutters or channels into the two 
fineries, and are still heated from the working off of the last 
charge. The slag from the running out fire is excluded from 
the tineriea as much aa possible. A 
Jayef of slag quickly solidifies on the 
stirfaceof the metal in the finery, and 
is removed, after which charcoal is 
throim on the top, the blast turned 
on, and the partially solidified metal 
broken up. The materials are heaped 
lip on the twyer side, where water is 
thrown on at intervals to prevent 
the burning away of the charcoal, of 
which more is added as required to 
replace that consumed. The metal 
is continually raised and broken up 
by the workmen, and the residual 
metal collected from the hearth after 
the withdrawal of the last heat is 
added to the charga The slag is 
tapiied out from the finery two or 
tbrea times during the fining pro- 
^ e, which lasts a little over an hour, 
'^whea the metal is collected into a 
Pig. 3S.— Chakoou, lump, enclosing much interspersed 
FiHEBT (Pbrcv). sl^ or cinder. The lump so obtained 
is hammw«d under the heive into a bloom, and either 
rolled oi- drawn down under the hammer into a long slab 
of from 11 to 2 inches in thickness, which is nicked 
partially through and broken with a sledge baminer into 
pieces of a,bout 26 lbs. each, called stampi. About three 
of these stamps are placed on a stafT, the end of wbudi is 
made of the same metal as the stamps, when the pile so formed 
is reheated in the hoUow fire, and welded under the 
hammer. The place thus produced is nicked on its under 
snrface, turned upoa itself, again heated in the hollow fire, 
and ivffelded ; in this manner, or by the method of " tops 
and bottoms," as it is called, both surfaces of the plates are 
alike. The bloom is afterwards r<dled kito sheet-iron. 
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The finery cinder produced in this process, especially 
towards its termination, is highly basic containing upwards 
of 75 per cent, of ferrous oxide (FeO.) 

152. The Hollow Fire.— The hollow fire, in which the 
stamps are reheated for welding, is a rectangular chamber 
without stack; its bottom is formed of cast-iron plates 
beneath which is an air passage for keeping it cool, and the 
plates are covered on their upper or wor£ng suiflEice with 
a layer of fire-brick. Coke is the fuel employed, which is 
placed on the bottom of the chamber through an opening or 
stoke-hole in the end of the fiimace, its combustion being 
maintained by a blast introduced near the top of the fuel by 
a twyer inclined slightly downwards. In this manner the 
upper portion of the chamber is filled with flame, in the 
inidst of which the stamps supported on the staff are inserted, 
and become heated without coming into contact with the 
fuel The flame always escapes more or less aroimd the work- 
ing door in front of the furnace, but the greater portion of 
the waste flame is conveyed through an opening in the 
division wall into a second chamber, where the pile undergoes 
a preliminary heating before introduction into the hollow 
fire. 

153. Swedish Lancashire Hearth. — ^The cha/rcoal finery^ 
employed in Sweden under this name, consists of a rectangu- 
lar chamber or hearth, arched over at the top and communi- 
cating by a horizontal flue or heating chamber with ihe stack 
of the furnace ; the hearth is formed of cast-iron plates, and 
lias one twyer delivering a blast heated to about lOO^C., or 
212°F., by passing it through a tube heated by the waste 
gases. The hearth being charged with charcoal, the charge 
of about 2 cwt of pig-iron is drawn from the flue where it 
has .been placed for a preliminary heating on to the bed of the 
furnace, when the bla^ is turned on and more charcoal added. 
During fusion the highly carburized metal liquates out, and 
in dropping down before the blast becoming partially decaiv 
burized, coUects in the bottom, and there slightly hardens, 
the workmen continually breaking it up and bringing it 
before the twyer, by which the decarbmization or fining is 
completed; as the process proceeds, the mass becomes less 
fusible, when the whole is raised to the top, fresh charcoal 
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add^d, and the heat increased in order to melt the metal 
thoroughly, for the better separation of the slag and the col- 
lection of the metal into a baU. The ball is then taken out 
and shingled, the bar so produced being cut into pieces, 
which are reheated in a separate furnace, welded again, and 
further treated under the hammer or by rolling. 

164. Walloon Process of Sweden. — This process is some- 
what famous as being that by which the celebrated Danne- 
mora irons (so extensively used in the manufacture of the 
best classes of steel) are manufactured. The furnace employed 
is a charcoal finery using cold blast The hearth is a rec- 
tangular cavity bounded by cast iron plates lined with charcoal; 
it has a tap hole in one side for drawing off only the excess 
of the slag, since the ball is always worked in a bath of slag, 
for supplying which finery scraps and hammer slag are melted 
down on the heai*th at the commencement of the processL 
The pig-iron employed is white or strongly mottled, cast in 
pigs or slabs some 16 feet long and about 3 inches in thick- 
ness, which — ^the fire being lighted, the hearth full of charcoal, 
and the blast let on — are placed over the back plate of the 
hearth, the fore-end of the pig only being inserted into the 
hearth over the twyer. As the end melts the slab is 
pushed gradually forward until the whole charge necessary 
for the production of a bloom of about 100 lbs. has been 
melted. The charge is continually worked or rabbled from 
the time the pig begins to melt to the close of the process, 
which occupies only about thirty minutes, the iron '* coming 
to nature '' very readily. Each lump or bloom produced is 
drawn out under the hammer into a bar, during which 
process it requires reheating from six to eight times, of which 
the first heat is effected in the hearth of the finery itself. For 
this purpose the bloom is held with a pair of tongs in the 
fore part of the hearth during the melting down of the pig- 
iron for the succeeding charge; the subsequent heats are, 
however, effected in a separate fire. The working of this 
hearth' is attended, with a very large consumption of fuel 
(charcoal), with the maintenance of a higher temperature 
than is attained in other charcoal fineries, but the loss in 
the conversion of the pig into malleable iron amounts to 
about 20 per cent, of the pig-iron employed. 
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In some districts 2 to 3 cwts. of metal are charged into 
the furnace in the form of small pigs, instead of the lighter 
charges described above. The blast for the Walloon furnace 
is supplied by primitive bellows, driven by cams fixed on a 
revolving shaft. 

In the South Wales process two furnaces are employed, 
the refinery for melting down and partially refining the 
metal, and the fineries where the breaking down and balling 
up of the charge is completed; but the Walloon process 
affords an example of a process where the three operations 
of melting down, breaking up, and balling of the charge are 
performed as one continuous operation and in one furnace. 

CONVERSION OF PIG-IRON INTO MALLEABLE IRON IN 
REVERBERATORY OR PUDDLING FURNACES. 

By far the largest proportion of the malleable iron now 
manufactured is obtained by subjecting pig or cast-iron to 
the operation of puddlingf this process having almost entirely 
superseded the methods of production in the finery or open- 
hearth previously in use. This latter process is not to be 
confounded with the process of refining about to be described ; 
for whereas the operations of the finery have for their object 
the production of malleable or wrought-iron, the product of 
the refinery is only a partially decarburized and imperfectly 
purified white iron, obtained by the treatment of grey pig- 
iron on the hearth of the refinery, and which is then cast in 
a particular manner, adapting it to the requirements of the 
puddling operation, or it is run directly from the refinery to 
the puddling furnace. As will be presently indicated, grey 
iron, owing to its perfect fluidity when melted, and also to 
the large amount of graphite which it contains, cannot be 
economically treated alone in the puddling furnace ; but by 
subjecting it to the refining operation it is converted into 
white iron ; thus, it will be observed that the treatment in 
the refinery is only preliminary to the puddling process in 
which malleable iron is produced, while the finery process 
p»roduces malleable iron direct from the pig-iron. 

165. Refining. — This process is employed in Wales, York- 
shire, and to a limited extent in other iron-making districts, 
preparatory to the conversion of pig-iron into the finest 
Qualities of malleable iron by the puddling process -^ 'wk\l<^^ 
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for the mannftioture of inferior ctasges of malleable iron, the 
pig-iroa is not subjected to this treatment, but passes at once 
to the puddling furnace. 

The refining process has for it« object the removal of 
a considerable proportion of the silicon and slag-forming 
elements from the caat-iron, with a reduction in the amount 
of phosphorus and sulphur present, as also the partial decar- 
biirization of the metal, with the conrersion of its residuary 
carbon wholly into the combined form, this latter being pro- 
moted by running the metal from the refinery into a long flat 
chill mould, and quickly quenching with water. By refining, 
the fluidity of the melted metal is rendered much less perfect, 
and it is thereby more readily acted npon in the puddling 
process. Fig-iron smelted by hot blast, usually contains the 
largest proportion of silicon and other foreign ingredients, 
and accordingly suffers a greater loss in weight during the 
refining process than occut^ with cold blast pig iron. The 
loss in refining amounts on an average to from 10 to 11 per 
cent, of the pig-iron operated ilpon 




ng. 36 —EvsTtxiOji or RxFivxaT. 
The furnace employed m refining and known as the 
Ttjmery or mimmg-ovt fire, consists, as used in Wales, of a 
rectangular heartli a, figs. 36 and 37, about 4 feet square, and 
from 12 to 18 inches in depth. The hearth is bounded on two 
sides, and on the back, by hollow cast-iron water blodta h, h. 
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thiougli whidt a cuiTent of cold water is kept continually 
flowing; the front iB formed by a dam-plate of cast-iron, 
containing the tap holr ; f, f, ore cast-iron plates closing the 
two sides, and Bocured to the piUara, which carry the staot or 
chimney s, &om 16 to 18 feet in height; there are six twyers, 
g, g, g, three on each side of the hearth, inclined downwards 
at an angle of from 26° to 30°, the twyers in the two sides 
being arranged so that each dlrecte tiie blast towards the 
space between the twyer openings on the opposite side, so dis- 
tribnting the blast more uniformly over the surface of the 
hearth; A, h, are water trouf^ for receiTing the water &om 
the twyers, which eerve also to cool the tools employed in 
irkii^ tiie furnace. The back of the furnace is closed by 
'~"' wrought-iron doors, and 

the &ont by a wrought- 
iron door connected with 
a lever, by which it can 
Lbe readily raised or 
ulowered. The tap hole 
I, at the base of the dam- 
' plate, allows the metal 
and slf^ to run out 
into the ca^iron mould 
m, beneath which water 
is maintained in con- 

._. „ stant circulation, so sa 

Kg. 37.— Plan as EBFisaar. to aid in the quick cool- 
ing of the metal, which is further promoted by throwing 
water on its surface. The cinder or slag remains fluid longer 
than the metal, and it is tapped from the aur&ce of the 
refined metal into other monldB placed at the lower end of 
the mould receiving the metal. 

The furnace employed in Yorkshire differs from the last 
or Welsh refinery, in having but five twyers, placed three on 
one side and two on the opposite, arranged as before, ho as 
not to be directly opposed to each other. 

^e fiimace being in operation, a quantity of coke is 
introduced through the folding doors at the back of the 
furnace, on which is placed alternate layers of pig or cast- 
iron &nd coke, until ib.e charge of &om one to two tons of 
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pig-iron and scrap has been introduoed. A small quantity of 
hammer scale or slag is also sometimes added, such addition 
facilitating the process, and diminishing the loss of iron. The 
addition of a small quantity of lime is also frequently made 
with a view to the further elimination of sulphur, but this 
is effected more perfectly by the manganese of the pig-iron, 
owing to the more fluid slag which it produce& The surface 
of the charge is then covered with coke, and the fire urged 
by the blast, when in from one and a half to two hours 
the whole of the metal has melted and run down into the 
hearth. Fresh fuel ia then added, and the blast under a 
pressure of from 2 to 3 lbs. is continued for a further 
period of half an hour, during which time bubbles of car- 
bonic oxide escape from the melted metal, and keep its sur- 
face in agitation, whilst silicon and carbon, with smaller 
quantities of the sulphur and phosphorus of the pig-iron, 
are oxidized. The silicon is largely and the most rapidly 
oxidized, with the production of a slag or cinder, consisting 
essentially of a tribasic silicate of iron (containing from 40 to 
60 per cent, of iron), and which floats on the surface of the 
metal Fresh coke is added from time to time, and the heat 
maintained until the action has proceeded sulficiently far, the 
time varying much according as white or grey iron is under 
operation, grey pig-iron requiring the longer time for its 
treatment. The metal and slag are then tapped out together, 
cooled, and separated in the manner described. About 3 
cwt of coke is consumed per ton of metal, and the weekly 
produce of the refinery varies from 80 to 150 tons, according 
as the charge consists of grey or white iron. 

The refined iron, fine metal, plate metal, or simply metal, 
as the product obtained by this process is called, is almost 
silver white in colour, has a bright fracture, the upper portion 
of the plate being more or less cellular. The plates of metal 
are from 1 to 3 inches in thickness, a foot wide, and 12 or 
14 feet in length, often fiirrowed on their under surface, and 
rendered brittle from their sudden cooling, thereby fiEUsilitat- 
ing the breaking of them into pieces suitable for introduction 
into the puddling furnace. 

The following analyses show the very marked decrease in 
the silicon with the smaller diminution in the amount of the 
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carbon, phosphorus, sulphur, and manganese, effected by the 
refining process: — 

ANALYSES OF REFINED IRON. 



Iron 


France 
(RegnauU). 


Ebbw Vat.ic 


BROBfrOBI) 

{IHck), 


Pig. 
Iron. 


Refined 
Iron. 


Pig-iron. 


Refined 
Iron. 


Refined 
Iron. 


92-3 
3 
4-5 

• • • 

0-2 

• • • 

• • • 


97-8 
1-7 
0-5 

• • • 

• •• 

• • • 

• • • 


Graphite 2*40 
2-54 
0-22 
013 
0-86 

• • • 


0-30 
0-32 
018 
009 
0*24 

• • • 


95 14 

307 

0-63 

016 

0-73 
Trace 

014 1 


Carbon 


Silicon 


Snlphnr 


Phosphorus. 

MftT^ffanes^^. 


Insoluble Matter.. 



The slag or cinder from the refinery, as already stated, is 
essentially a ferrous silicate containing from 40 to 60 per 
cent, of iron with the greater part of the manganese, and a 
portion of the sulphur and phosphorus from the pig-iron, 
with the ash of the fuel; it is a dark bluish, or black, vitreous 
or lustrous mass. 
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Ferrous oxide (FeO) .... 

Silica 

Manganous oxide (MnO) 

Aln-mmff. 

lime 

Magnesia 

Sulphur 

Ferrous sulphide 

Phosphorus 

Copper 



Percenti^ of iron 



DOWLATS 


{Riley). 


Ordinary 


Crystallized 


Cinder. 


Cinder. 


66-52 


64*94 


25-77 


33-33 


1-57 


2-71 


3-60 


5-75 


0*45 


1-19 


1-28 


0-50 


0-23 


• • • 


• • • 


0-27 


1-37 


0-99 


• • • 


Traces. 


50-96 


42-84 



Bromfobd {Forbes). 



Ciyatallized Cinder. 



61-28 
22-76 
3-58 
7-30 
3-41 
0-76 
0-46 



47-66 



Percy, Vol. H. 
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In Silesia the refining has been effected by treating ibhe 
iron on the bed of a reverberatory furnace with gaseous fuel, 
a movement of rotation being imparted to the melted metal 
on the hearth by the blast impinging obliquely upon it at 
two opposite sides. 

166. Washing Processes. — The washing processes of I. 
L. Bell and of Baron Krupp are a species of refining opera- 
tion, in which molten pig-iron is subjected, in a suitable 
furnace, to the action of refractory ores or cinders, rich in 
oxide of iron, but not too rich in silica ; and whereby the 
silicon and phosphorus of the pig-iron are very rapidly and 
almost entirely removed from the charge, whilst the carbon 
is not appreciably afiected. Mr. Bell considera it essential 
that the temperature employed in this purifying or washing 
process, although high, should be lower than that at which 
either puddling or refining is usually carried on, whilst it is 
absolutely indispensable that rapid contact between the pig- 
iron and the iron ore or fettling be effected, otherwise the 
metal solidifies before the dephosphorization is completed. He 
accordingly employs a water-jacketed, revolving, puddling 
furnace, in the interior of which a longitudinal shelf is 
formed, over which, when the lining is completed and the 
furnace is revolved through half a revolution, a cascade of 
molten iron and cinder falk, and thus a rapid and intimate 
mixture is secui-ed.* 

At Essen this process is conducted upon charges of from 
5 to 7 tons of pig-iron, containing by preference about 1 per 
cent of manganese. The pig is melted in a cupola, and run 
from thence on to the hearth of a Pemot revolving furnace, 
which is set into slow motion. The hearth of the furnace is 
first prepared with lumps of a rich but refractory iron-ore, 
which, if the proportion of silica in the ore is excessive, is 
mixed with a little lime. A temperature between that of the 
puddling process and that required to melt steel is then 
raised, upon which a violent reaction, lasting for from 5 to 
1 minutes, ensues. The slag boils over duiing the process, 
and the end of tne reaction is marked by the sudden evolu- 
tion of a large volume of carbonic oxide, upon the appearance 

• Principles of Manufacture of Iron and Steel (Bell). 
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of which the furnace is stopped, and the refined metal is run 
out into pigs. 

167. Puddling Process. — ^This process, introduced by Henry 
Cort in 1784. d^ers from the methods of producing malleable 
iron in Hhe finery or open hearth described (p. 151), inasmuch 
as pig-iron or the refined metal from the refinery is puddled 
on the bed of a reverberatory furnace, or other chamber, 
which is separated from the grate on which the fuel is burnt ; 
whereas, in the finery, the metal and fuel are brought into con- 
tact on the same hearth. The temperature of the puddling 
furnace is maintained by the heat and flame, produced during 
the combustion of the gaseous products of the furnace, and 
the process thus allows of the utilization of raw coals and other 
inferior fuels, which could not be applied in the finery, where 
the fuel and iron are brought into contact with each other. 

In the puddling furnace introduced by Corb the metal was 
worked upon a bed formed of sand, but in 1816, or 32 years 
after Cort, one Rogers substituted an iron bottom protected 
by a fettling of iron for the sand bottom of Cort, an altera- 
tion which materially added to the life of the furnace. 
The methods of puddling are thus divisible into two classes, 
the original, known as "dry puddling," and the most recent, 
known as "wet puddling or pig boiling." In dry puddling 
the decarburization is effected chiefly by a strong current of 
air (produced by the draught of a chimney or stack), assisted 
only in a minor degree by the addition of such oxidizing or 
readily reducible materials as haematite, forge-scale, magnetic 
oxide of iron, and basic slags of ferrous silicate. In dry 
puddling, the refining process, previously described, is a 
preliminary stage. 

If oxidizing slags, cinders, iron-ores, etc., are added to the 
furnace in such quantities as to afford the chief supply of 
oxidizing materials, while the air performs this part only in 
a lesser degree, then the process is designated as wet puddling 
or pig boiling; and raw pig-iron or unrefined metal is always 
the subject of operation, unless the proportion of silicon in 
the pig-iron is too high, when a little refined iron is some- 
times added to the charges, in order to save time in working, 
and to produce a better quality of iron. The bottom, of 
the furnace in the two cases is slightly altered in depth, fcMaa^ 

19 1. \* 
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mnd ihe natore of its lining Ma e uidm g as wlietlier 3rj 
paddling or pig^xiiiiii^ k to be eondoctod upon it. 

Grej pig-inai, as i»mirii ig a bij^ber if i |wia tnie for its 
Iwioii, eoiqJed with its man pef^ioefc Ihridily wht melted. 



is not so mitaUe lor eomrenion into malleable Iran aa ia white 
iron, which meha at a hiwer t emp ct attt re, and whidi previoiia 
to fuBon paflKS throi^ a pastf cacmdition hi^ j fitTomable 
to the actioo of atuKHpherie air or other <zzidizing agent^ npoii 
thecarbcQ, siliooo, ao^ihnr, phoqphona^ manganese, and other 
elements of the pig-iron, which it is the ol^ect of the pod- 
dSng opemtiop to igasoirr. The treatment of gr^ i— fr ml of 
white iron in this pr oceaB entails eonsideiabty mete labour 
spon the poddler, for unless soch metal ia eontianalty stirred, 
or as it is called rabtled^ so as to bring &esh portions in con- 
tact with the air and dag, the iron will sU: down as a fluid 
mass bencsth a lajer of mohen slag or ctader, which prevents 
tiie contact of air and thus ddajs the fadng of the metal, 
with the neeessarilj increased expenditure attendant 
thereon; henee one of the nuwmilim for con ver ting grej 
into white iron in the refinety; before sabiectn^ it to the 
paddling prooe8& 

The first stage in the operstion of puddling consists in the 
removal, to a great extent, of the silicon ; and the c<mver- 
saon of an J grev into white iron, that is, an j graphite that 
may be present most pass into the state of combined carbon 
before any appreciable decarburization of the metal oocura. 
When this stage is completed, the manganese, i^osphoms, 
sulphur, and carbon, with a proportion (^ iron, are oxidized, 
ei wer by the free oxygen of the atmo^here, or by the oxygen 
of tbe oxides of iron added to the charge. A fusible slag or 
cinder of silicate of iron and manganese with earthy matters, 
phosphoric acid, etc., is thus produced, while at the same 
time carbonic oxide is evolved, and bums with its character- 
istie flame in jets from the surface of the molten metaL 

In tbe boiling or wet process, the decarburization is chiefly 
effected by the reduction of the oxides of iron contained in 
the cinders and slags added to the charge ; and this reduction 
of iron from the slag, with decarburiziition of the melted 
metal, takes place the more readily when the slag is most 
basic, that is, richest in oxide of iron. Thus in the earlier 
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stages, or during the melting down of the iron, the silioon 
is being oxidized, and the slag is highly siliceous, hence but 
little reaction ensues between it and the carbon of the pig- 
iron; but as the process proceeds, and iron begins to be 
oxidized by the air, then the basidty of the slag increases, 
and a reaction ensues between the ferrous oxide of the slag 
and the carbon of the pig-iron, by which carbonic oxide is 
copiously evolved, and escapes through the liquid slag, while 
a corresponding decarburization of the pig-iron, and redac- 
tion of iron from the slag or cinder takes place. 

The elimination of sulphur from the pig-iron during the 
puddling operation is always very imperfect, a portion only 
passing into the cinder, probably as ferrous sulphide. 

Phosphorus, when present in the pig-iron to be puddled, 
always prolongs the puddling operation, but during the 
process it is oxidized to the state of phosphoric anhydride, 
and in this form it always occurs in the tap cinder. 

About 80 per cent, of the phosphorus present in the 
pig-iron is removed during the puddling process, but the 
exact reactions by which the elimination is effected are as yet 
imperfectly understood. Percy suggests that it is probably 
separated by a kind of liquation, according to which theory the 
phosphorus first enters the tap cinder as a phosphide of iron, 
which liquates from the malleable iron when the latter is in its 
pasty condition, and that the phosphorus is thus subsequently 
oxidized to phosphoric anhydride. More recent observations 
and expeidments demonstrate, however, that phosphorus is 
eliminated from pig-iron during the decarburization of the 
latter, whenever such decarburization is effected under strongly 
oxidizing influences, and in contact with 9k fluid, highly bade 
oxide or slag. These conditions prevail during the later 
stages of the basic Bessemer process (p. 268), and also 
during the greater part of that stage of the pig-boUing process 
in which the iron remains perfectly fluid upon the bed of the 
furnace, and before any separation of granules and solidifica- 
tion of the metal takes place. 

As already stated, in pig-boiling the silioon is the first ele- 
ment to suffer oxidation, siUca, SiOg, being produced^ and this 
enters the slag rendering the same highly silicious, but the 
silicon is practically all oxidised before the close of the first 
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few miniites of the fluid period. After the silicon has been 
thus almost wholly oxidized, then the cinder or slag becomes 
rapidly more basic, and the phosphorus suffers oxidation to 
phosphoric anhydride, P2O5, which then combines with ferrous 
oxide, and the phosphorus thus escapes into the slag as ferrous 
phosphate. Wliatever phosphorus is separated during the 
puddling process, is thus practically effected before the boil or 
decarburization stage commences. 

168. Puddling Furnace. — ^The puddling furnace is a rever- 
beratory furnace in which the proportion of j?rate area to that 
of the ^ is veiy latge, but the ske of grate^varies aoootding 
to the kind of coal consumed — from one-half to one-third 
the area of the bed of the fumaca Figs. 38, 39, and 40* 
represent a South Staffordshire furnace which may be taken 
as a type of this class, though the exact form of bed, and 
method of supporting the cast-iron plates forming the bottom, 
differ in various districts. The bed a of the form shown in 
tig. 40, is separated from the rectangular fireplace 6 by a low 
hollow fire-bridge e, and from the flue dhjSL similar bridge e 
called the flue-bridge. These bridges are here shown hollow, 
to allow of the ciitsulation of air through them; in other 
furnaces, instead of the separate iron plates here illustrated, 
hollow castings are substituted, which form a channel aroimd 
the bed, in which a current of water circulates. The roof, 
formed of fire-brick, is a low flat arch, sl6ping slightly towards 
the flue end, the flue itself being built with a slope down- 
wards to the base of the stack; the brickwork of the furnace 
is supported by cast-iron side plates bolted together, and tied 
to those of the opposite side by tie-rods passing over the to]) 
of the furnace. The bars of the grate are ordinary bars of 
wrought-iron, supported on bearers at their extremities; there 
is no furnace door, the fuel being charged through an open- 
ing / in the front or working side of the furnace, situate 
about 10 inches above the fire-bars, over which the fuel is 
spread by the workman using a hooked bar of iron; and 
when the firing is completed, the aperture is closed by 
inserting lumps of coal in the opening, on to which a small 
quantity pf small coal is thrown. The flue and fire-bridges 
are fonned of fire-brick, encasing the frame of the cast-ii'on 

• Percy, Vol. II. 
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bottom, beyond which the upper course of brickwork, formed 
by quarries or slabs of fire-brick, is made to project inwards 
&s shown, to allow of the introduction of the fettling or 
lining of refractory material for protecting the side plates. 
The bottom of the furnace is formed of cast-iron plates 
i*abatted together, and supported upon pillars or bearers 
resting on side plates or brackets also of cast-iron. The 
working door g^ placed at one side of the furnace, consists 
of an opening about 10 inches above the furnace bottom, 
and closed by a door formed of fire-brick slabs or quarries 
fixed in an iron frame, and suspended by a chain fix>m the 
lever », by which it can be raised for introducing the charge 
or withdrawing the puddled ball; a notch A, formed in the 
lower edge, and called the stopper Itole, is for the introduction 
of the iron bar or paddle used by the puddler in rabbling 
or stirring the metal, the side of the notch acting as a 
fulcrum for the bar; below the working door is the tap 
hole t, stopped with sand during the working of the fur- 
nace, and through which the slag, or, as it is called, tap 
cindeTy which remains on the hearth, is withdrawn at inter- 
vals as required. The stack of the furnace, the height of 
which varies considerably according as it is connected with 
one or more furnaces, if for one furnace only, is usually 
from 30 to 50 feet in height, and is surmounted by a flat 
plate or damper connected to one end of a simple lever, from 
the opposite end of which is suspended a chain, sufficiently 
long to be within reach of the puddler, the proper regula- 
tion of the draught forming on important part in the 
puddling operation. The working bottom of the furnace 
used in pig boiling or wet puddling, is formed by covering 
the iron plates already mentioned with a coating of refrac- 
tory material rich in oxide of iron, such as tap cindoB, 
hammer scale, etc., mixed with broken up bottoms of old 
furnaces; for this purpose a layer of broken slags, heart|L 
bottoms, etc., are first introduced, and the heat raised so as 
to fuse or soften it, when it is spread evenly over the bottom, 
forming a layer of about ^ inches in depth; the. side plates 
are covered, or as it is c&Tied fettled, with a lining of broken 
up, roasted tap cinder, called bull dog, which is rammed in 
under the projection of the fire-brick quarries on -the top of 
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the fire-bridge, and then the surface is levelled up with a 
paste of soft red hsematite called puddlers* mirier the fettling 
so prepared extending more or less over the fiirnace bottom. 

If a new furnace bottom has been put in, the first heat 
should consist of scrap iron, with a small quantity of refined 
metal; when, by the high temperature and oxidizing atmo- 
sphere maintained in the furnace, the bottom becomes 
IJioroughlj consolidated and coated with a layer of slag 
consisting largely of oxide of iron, which is but little acted 
upon by the silicon of the pie-iron introduced in future 
ojle^tions. Fettling of the side plates is required after each 
heat, and after each shift of twelve hours sufficient scrap 
iron to form a ball is introduced into the furnace, and 
worked into a bloom, for the purpose of coating the bottom 
of the furnace with oxide of iron. A puddling furnace in 
continual use will require rebuilding in about six 'months. 

Of the numerous proposed improvements in the cla^ of 
puddling furnace ali^dy described, may be noted that of 
Detmore, tried at Ebbw Yale, and consisting of an arrange- 
ment for introducing a blast under the grate, using a closed 
ash-pit, with washed small coal as fuel; another introduces 
the blast below the grate, with an open ash-pit, when small 
coal, half caking, and half free-burning was proposed to be 
used. 

Double puddling furnaces have of late been received with 
favour, as admitting of heavier charges with a larger pro- 
duction and economy in fuel; but the wrought-iron produced 
is not likely to be so uniform in quality, due to the increased 
amount of air and the longer time employed by puddling 
in the double furnaces, as also from unequal skill in the 
puddlers working the two sides of the furnace. In these 
furnaces the hearth and grate are both made larger than 
single furnaces, and the two working doors are placed one 
along each side of the furnace, through which the metal is 
worked by two men at the same time, viz., one at each 
door. 

159. Hanipnlation of the Puddling Process. — ^The de- 
tails of the working of the puddling furnace differ accord- 
ing as white, grey, or refined iron, or a mixture of these 
with hammer slag, etc., is imder treatment. If the ch&r^ 
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consist of white or forge pig-iron alone, the heat is main- 
tained higher at the commencement of the operation than 
when grey iron constitutes the charge. The proper regula- 
tion of the damper, as controlling the temperature of the 
furnace and amount of air passing through it, is of consider- 
able importance, and requires to be raised and lowered 
several times during the progress of a single heat. 

In conducting the puddling process, the furnace heated 
from a previous operation, and containing some rich cinder 
from the previous charge, is charged with about 4^ cwt. of 
metal, introduced through the working door, the latter being 
then lowered, fixed, and luted in position; the damper is 
raised, and the fire made up, when, in about fifteen minutes, 
the puddler inserts his paddle or bar through the stopper 
hole and moves the pigs about, so as to heat them and the 
twmBCf bottom more umformly, and in from thirty to tliirty- 
five minutes the first or melting down period is completed ; 
the damper is now lowered, and the metal continually stirred, 
or, as it is called, rabbled, so as to thoroughly incorporate 
the metal, cinder and hammer scale or mill cinder with the 
charge, after which the damper is raised, and in about forty- 
five minutes from the commencement, the bath of metal 
sweUs and rises up rapidly; jets of carbonic oxide, due 
chiefly to the oxidation of the carbon in the pig-iron, by the 
reaction between it and the oxidized compounds of iron 
existing in the basic slag called cinder, which is mixeil 
with and covers the metal, burning with its characteristic 
blue flame from all parts of the surface of the bath, gives 
to it the appearance of ebullition or boiling ; during this 
stage, which lasts about a quarter of an hour, the puddler, 
moving his paddle or bar continually from the centre of the 
bath towards the bridges, rabbles vigorously the metal in all 
parts of the bath. l9ie metal then begins to thicken, the 
cinder gradually sinks, and the surface exhibits bright points 
or specs of malleable iron, or, technically, the iron cornea to 
nature, the points, increasing in size, become pasty masses, 
which are broken up by the workmen, and the heat some- 
what raised so as to eflect the better separation of the cinder 
or slag from the metal, when the detached particles of metal 
are rolled over the suiface of the bed, until the nucleus so 
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commenced with, collects upon itself sufficient metal to form 
a ball of from 70 to 80 lbs. in weight, which is then rolled 
towards the fire-bridge, where it remains imtil the whole chaxge 
has thus been collected or balled up into about six balls; a 
final heat is given so as to promote the ready expulsion of 
the cinder, and the welding together of the particles of iron 
under the hammer, squeezer, or other shingling machine to 
which the puddled ball is at once transferred. The balls are 
drawn separately to the working door of the furnace, and 
lifted by a pair of tongs with curved jaws from the furnace 
to an iron truck, or they are dragged along the floor to the 
shingling apparatus, the working door being closed and the 
damper down, so that the furnace is kept filled with a smoky 
flame, preventing the oxidation of the other balls during the 
treatment of the first. 

The cinder, which only requires to be tapped out after 
each second heat, is tapped into a wrought-iron waggon 
placed imder the tap-hole, immediately affcer the withdrawal 
of the last ball ; but in dry puddling, where white or refined 
iron only is treated, the amount of silicon not being so great 
as in the last or boiling process, where mixtures of grey, 
mottled, and white iron are introduced, less slag is produced, 
and hence requires tapping out only after several heats have 
been worked off. 

The whole opera.tion, from introducing the charge to the 
withdrawal of the last ball, constitutes a heat, and lasts 
about an hour and a half, but may be longer or shorter 
according to the amount of impurity present in the pig-iron, 
the presence of sulphur and phosphorus in the pig-iron espe- 
cially retarding the conversion into malleable iron. In 
Staflbrdshire, in a turn or shift of twelve hours, from five to 
seven heats are worked off; but in Scotland the pig, being a 
dark gi*ey silicious metal, smelted from blackband ores, only 
from four to five heats ai'e worked off in the same time; and 
at Low Moor, Bowling, Famley, and other districts of 
Yorkshire making best qualities of malleable iron, the pig 
employed is cold blast iron, usually refined before puddling, 
and jmddled in charges of from 2 to 3 cwt., in slightly 
smaller furnaces, maintaining a somewhat higher tempera- 
ture than the former, and the rabbling is more contixvufi^v^ 
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than 18 practised in Staffordsliire. With this nine or ten 
heats can be worked off in the day of twelve hours. 

Small quantities of Cumberland hsematite, or of peroxide 
of iron, are added at some works to assist in the conversion 
by the boiling process. The addition of a mbcture known 
as SchafhUutVa powder, consisting of common salt, peroxide 
of manganese, and clay, is also sometimes made with a view 
to the more perfect elimination of the sulphur and phos- 
phorus in the pig boiling. Scrap iron added towards the 
end of the operation is considered to improve the quality of 
the product. 

In puddling hy the dry method (that is, in a furnace of 
which the iron bottom is coated with but from 1 inch to 1|^ 
inches of a lining, consisting largely of oxide of iron, formed 
by working a ball of scrap iron on the bed while maintaining 
an oxidizing atmosphere in the furnace, and then spreading the 
oxide while at a high temperature over the furnace bottom ; 
or, as formerly, in a furnace the bottom of which was simply 
covered with sand, thinly glazed with slag), the charge is 
placed around the sides of the bottom of the famace, the 
centre being kept empty. When the metal assumes a pasty 
state, the damper is lowered to prevent its becoming per- 
fectly fluid ; and while in this pasty condition, it is drawn 
down towards the middle of the hearth, broken up, and rab- 
bled, so as to thoroughly mix the metal with the oxide of iron 
formed during the first or melting stage, and with that added 
at intervals in the form of hasamer sc^e. The rabbling is 
continued, and reaction ensues between the carbon, hammer 
scale, and oxygen of the air, but the decomposition is not so 
vigorous as in the boiling process; as before, when the metal 
"comes to nature" or to " dry,* it becomes less fusible, and 
the damper is raised to allow of the metal being balled up. 
This process is attended with the formation of a smaller 
amount of slag or cinder, due to the smaller amount of 
silicon in the metal treated, is of shorter duration than the 
wet or boiling process, and accordingly consumes less fuel ; 
but it can only be applied economically to white or refined 
iron, and unless comparatively pure ores have been employed, 
the malleable iron produced is inferior in quality. In dry 
/cuddling the heat does not lise so high as in " pig boiling,^ 
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and in working 4^ cwt charges of refined metal in a furnace 
fettled with tap -cinder, the only slag, cinder, or oxidizing 
materials introduced is about 2 cwts. of scale from the shingl- 
ing hammers. From charging the furnace to the withdrawal 
of the last ball occupies from 75 to 80 minutes, of which the 
melting stage lasts, as in pig-boiling, about 35 minutes, whilst 
the melted (fermenting) stage and the boil together occupy 
about 30 minutes, after which the balling of the charge com- 
'mences. 

160. Low Moor and Bowling Iron. — ^The ore employed 
at Bowling and Low Moor for the production of the best 
iron of the works of this district, is a dark brown argillace- 
ous ironstone occurring in the coal measures of the locality, 
which yields in its raw state, about 32 per cent., or 
after calcination, 42 per cent, of iron. This ore is smelted 
with coke from what is known as the ^* better bed coal" 
of the district. About 4 tons of the raw ore, or 2 tons 
7 cwt. of the calcined ore, with 18 J cwts. of limestone 
obtained from the neighbourhood of Skipton, and 2^ tons of 
coke from the above coal, are required for the production 
of 1 ton of pig-iron. For conversion into plat^, etc., the 
pig-iron is conveyed at once to the refineries, and the yield 
of about 2 tons of refined metal obtained from each finery is 
run into a mould which is cooled by water, and which 
measures some 12 feet in length and 4 feet in width. The 
plate metal so obtained is then puddled in charges of about 
3 cwt, each furnace working off ten such charges per 
day, and the puddled ball or bloom is shingled under the 
hunmer for the expulsion of slag, scoria, etc., and formed 
into slabs, known as '^ stampings " or *' noblins." The 
stcmipings are broken up, piled, reheated, and hammered 
into blooms or billets, which are then transferred to the mill, 
and, after again reheating, are rolled into bars, angle-irons, 
or other forms ; while the noblina are subjected to a similar 
•treatment to the stampings, except that they are formed into 
blooms suitable for rolling in the plate-miU for the produc- 
•tion of plates, etc. 

161. Loss in Paddling. — ^The loss of iron in the convert 
'sion into malleable iron by puddling varies much according 
to the purity of "tiiepig^ron j the less silicious tha -^^^^^a^ 
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the larger will be the yield. In '* pig boiling " the loss is 
greater than in dry puddling, but it is not so great as the 
total loss entailed by refining and then of puddling the refined 
metal. In Staffordshire the loss of weight between the pig- 
iron charged and the puddled balls produced is from 7 to 10 
per cent.; while pig boiling in Scotch ironworks, where a 
silicious pig smelted from black-band iron ores is treated, 
the loss is from 15 to 18 per cent, of the weight 

162. Tap Cinder. — ^The slag, or, as it is called, *^ tap 
dndeTy* produced in the puddling operation, is a highly basic 
silicate, containing from 45 to 55 per cent, of metallic iron, 
existing as ferrous and ferric oxides, but the cinder contains 
in addition usually manganous oxide, alumina, lime, mag- 
nesia, ferrous sulphide, and phosphoric anhydride. The com- 
position of tap cinder varies at different stages of the 
puddling process In the earlier or melting-down stage 
it is more silicious, owing to the oxidation of the silicon 
of the pig-iron by the oxygen of the atmosphere, and 
also from the presence of the sand which is charged into the 
puddling furnace attached to the surfaces of the pigs of iron ; 
while at the end of the operation, when the metal comes to 
nature, the heat is partially maintained by the oxidation of 
the iron itself, and an increased basicity of the cinder results. 

ANALYSES OF TAP CINDER. 





Cinder from Boiling 
of White Iron. 


Staffordshire Cinder. 
(Perey). 


Silica 


7-71 
66-32 
8-27 
1-29 
1-63 
3-91 
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• • • 

1-78 
8 07 
Traces. 


23-86 
39*83 
23-76 
6-17 
0-91 
0-28 
0-24 
62 
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Ferrous oxide (FeO) 


Ferric oxide (FejO,) 

Manganous oxide (MnO) 

Alumina 


Lime 


Magnesia 

Ferrous sulphide 

Sulphur 


Phosphoric anhydride ...\. 

Copper 




Metallic iron 


67*37 per cent. 


47 -60 per cent. 
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163. Oas Furnaces. — ^The construction of puddling fur- 
naces, adapted to the use of gaseous fuel, varies with the 
materials employed for the generation or production of the 
gas, and the mode of effeecting its combustion. 

The Carinthian gas furnace, for consuming the gases pro- 
duced from air-dried wood, lignite or peat, consists of a rec- 
t;\ngular chamber or prodticer, of considerable depth, which is 
built at one end and separated by a bridge from the hearth of 
the furnace; a second bed, which is heated by the waste gases, 
is placed between the furnace heai*th and the stack, and on 
this the metal for the succeeding charge is first heated. The 
combustion in the producer is maintained by a stream of air, 
at a pressure equal to about half an inch of mercury, which is 
introduced by a pipe into the bottom of the chamber ; while 
the combustion of the gases is effected on the hearth or bed 
of the furnace by a blast of air, first heated to about. 200° C. 
or 392^ F., by circulating it through the hollow cast-iron 
bottom plates of the bed. The blast is introduced into the fur- 
nace by an oblong inclined twyer immediately above the fire- 
bridge, and which extends for the full width of the furnace. 

164. Siemens' Regenerative Oas Fumaca — In these 

furnaces inferior qualities of fuel, as coal slack, coke, lignite, 
and peat can be utilised, thereby effecting a considerable 
saving in the cost of fuel ; a higher and more uniform tem- 
perature can be maintained than is attainable in the ordinary 
furnaces, with a greater purity of flame ; and an oxidizing, 
neutral, or reducing flame can be obtained by varying the 
relative proportions of air and gas admitted to the furnace. 

The fdmace consists of three parts, 1° the producer or 
chamber in which the gases are generated; 2° the regenerators 
or chambers for absorbing and storing up the heat of the flame 
and waste gases as they leave the furnaces, and which heat is 
subsequently used in heating the air and gases as they pass for 
combustion on to the furnace bed; and 3^ the furnace proper. 

The Siemens^ gas-producera or generators are described 
(p. 62) ; but the Siemens' regenerative gas furnace may be 
worked in conjunction with either this, the Wilson, the blast- 
furnace, or any other type of producer which maintains a 
constant pressure of combustible gases from the producers 
towards the regenerators and the furnace. 
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The regenerators are vaulted chambers of fire-brick built 
beneath the furnace. These chambers are each filled with, 
an open chequer-work of fire bricks, as shown in ^g, 55, 
p. 236y thus allowing of the passage of air or gases between 
the bricks. The regenerators are worked in pairs, which 
admit air and gas respectively to the furnace, and of these 
the air regenerator is considerably larger than that admitting 
the gas, the maximum proportion being about 7 to 4. The 
gases having undergone combustion on the furnace hearth, 
the gaseous products are drawn down by the draught of the 
chimney, through the pair of regenerators at the opposite end, 
whereby, instead of tiie flame and products of combustion 
escaping to the chimney at a very high temperature, the heat 
is absorbed by the bricks in the regenerators, and the gases 
pass out at the chimney, having a temperature of only about 
149^ C. or 300^ F. The course of the escaping gases is 
from above downwards through the regenerators, whence the 
upper layers of brickwork are somewhat more heated than 
the lower courses. 

The furruice as applied to puddling, is similar to that 
illustrated in ^g. 55, p. 236, as used for steel melting, but 
difiera from it in being fettled with the usual basic lining 
of iron oxides, bull-dog, eta, employed with the ordinary 
puddling furnace. The bed is as usual formed of cast-iron 
plates, while the sides are hollow boxes, kept cool by the 
circulation of water through them ; the water after circulat- 
iDg around the sides passes into a tank beneath the bottom, 
when the steam evaporated therefrom assists in keeping the 
bottom plates cool. At each end of the hearth of the furnace 
are five openings or ports, three of which are connected with 
the air regenerator, and deliver hot air to the furnace hearth, 
whilst the other two ports h b, ^g, 55, p. 236, are connected 
with the gas regenerator and deliver the gas to the furnace. 
The ports are arranged alternately, the two outside and 
one central port being air ports, whilst the second and fourth 
are for the admission of ga& The air ports are also made to 
deliver the air above the point at which the gas is admitted, 
and in this manner the gas and air are mixed as thoroughly 
as possible before combustion ensues. The gas and air are 
thus admitted at the same end of the furnace, and are with- 
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drawn through the corresponding openings or ports at the 
opposite end, passing in their course through the pair of re- 
generators at that end on their way to the stack. 

In front of the regenerator chambers is a cave or vault, 
in which are placed suitable reversing valves, by which the 
direction of the currents of gas and air can be made alternately 
to enter the furnace at the one or other end, and be with- 
drawn from the opposite end of the furnace. This alternation 
of. the direction of the currents is under the control of the 
workman from the charging platform of the furnace. 

In working the furnace, the gas and air are controlled by 
independent valves, and each enter at the bottom of separate 
r^enerators, thus passing from the colder to the hotter por- 
tion of these chambers. The gases and air thus heated then 
mix with each other at the bridge of the furnace, where combus- 
tion or chemical combination ensues between the two, attended 
with the production of a most intense heat ; and by admitting 
a greater or less proportion of air into the furnace, an oxidiz- 
ing, neutral, or reducing flame can be maintained; as also 
by allowing a larger or smaller volume of gases to enter, the 
temperature of the furnace can be regulated. On first light- 
ing the furnace, the air and gases meet in the furnace chamber 
or hearth in a cold state, and require to be ignited, after which 
combustion will continue, and the temperature will be gra- 
dually raised, while the regenerators at the opposite end of 
the furnace to that at which the gases are admitted become 
heated; after effecting this, the current is reversed, and the 
gases and air pass through the heated pair of regenerators, 
abstracting heat therefrom, while the opposite pair of re- 
generators are being heated by the escaping flame and pro- 
ducts of combustion. 

By the use of this furnace in the puddling process, a 
saving of from 7 to 10 per cent, is effected in the amount of 
iron wasted, and the saving in fuel is very large, variously 
estimated at from 20 to 50 per cent. ; the furnace also works 
off a greater number of heats per shift ; but in working upon 
pig-irons containing sulphur and phosphorus, these elements do 
not appear to be so perfectly removed as in the ordinary fur- 
nace, and the product accoidingly is often inferior in quality. 

165. Bicherouz Puddling Furnace. — This is a gas puddling 
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famace working witboat regenerators. Each famace is built 
as in the Boutins furnace, with its own gas-producer, in lieu 
of the ordinary fire-bars. The producer is about the same 
width as the furnace, and in construction is similar to the 
Siemens' producer already described. The gases from the 
producer pass from the top of the same, by a short horizontal 
fine, to a vertical slot corresponding in position to the fire- 
bridge of the ordinary furnace; here, also, the air required 
for combustion is admitted through a number of small open- 
ings. In this manner almost perfect combustion of the gases 
ensues, the necessary draught being supplied by a chimney 
built as usuaL Although without a regenerative apparatus, 
yet the air for combustion is drawn from the chimney end of 
the furnace, and is circulated through a flue, built beneath the 
hearth for its full width and length, and whereby the tempera- 
ture of the air is considerably increased before it issues to 
the furnace for the combustion of the gases. 

In some modifications of this furnace, for puddling purposes 
the air and gases first meet in a separate combustion chamber, 
placed between the producer and the furnace hearth, in which, 
however, only partial combustion of the gases is effected; the 
flame and gases passing from thence on to the puddling hearth 
where the combustion is completed. The construction of the 
producer has also been the subject of modification, according 
to the character of the coal used in diflerent localities ; also 
for increasing the heating surface over which the air passes 
before meeting the gases on the furnace hearth. The latter 
object is effected by circulating the air in flues around the 
sides of the producer itself. 

166. Casson-BicheroTix Puddling Furnace. — ^This furnace, 
as applied to puddling purposes, is much the same as that 
described (p. 200) for reheating purposes, except that the 
producer is erected immediately behind the furnace without 
any intermediate gas-flue,* and the air in the Casson- 
Bicheroux puddling furnace is heated by circulating it beneath 
the neck and bottom of the furnace. A chimney draught is 
insufficient for these puddling furnaces, and it becomes neces- 
sary to work both gas and air under the pressure of a forced 
blast. 

* Proceedings Iron and Steel Inst, 1884. 
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167. Boetius Furnace. — ^This is an arrangement of furnace 
in which, instead of the ordinary stoke-hole and grate-bars, 
a gas-producer is applied and works direct to the furnace. 

168. Price's Paddling Furnace. — ^This is a double furnace 
fitted with the usual doors, plates, etc., like an ordinary 
puddling furnace, and it works at Woolwich with a cinder 
bottom. Price's furnace is a modified gas furnace working 
with a blast of air from a Lloyd's blower, which blast first 
enters into an air vessel or receiver, and then passes into a 
closed ashpit beneath the fire-bars. The furnace is without 
regenerators. At the end of the furnace hearth, remote from 
the fire-bars, is a dandy or chamber through which the flame 
and heated gases from the furnace pass, in order to warm up 
the metal of the charge preparatory to its introduction on to 
the furnace hearth. From the dandy the heated gases return 
over the roof of the furnace, and at the grate end of the 
hearth are split into two currents, which then cii*culate 
around an elevated vertical retort or chamber before passing 
to the stack. The vertical retort just mentioned is thus 
maintained at a red heat, and it is kept filled with coal 
charged from a hopper fitted at its top. The lower end of 
the retort is closed by a slide, which can be opened as 
required, so as to drop the carbonized fuel on to the dead- 
plate of the grate, and it is from thence pushed forward by the 
workman, through the stoke-hole, on to the fire-bars. Vigorous 
combustion of the fuel upon the grate is kept up by a blast 
of hot-air introduced, as already mentioned, below the grate 
bars; and the gaseous products of the destructive distillation 
of the coal in the retorts, passes out by the bottom of the 
same, and are drawn by the chimney draught over the mass 
of burning fuel on the bars, where they at once take fire. In 
this manner by the combustion of the hydrocarbons distilled 
from the coal, and of the carbonic oxide rising from the great 
body of burning coke on the fire-bars, a large volume of flame 
is produced, whereby a very elevated temperature becomes 
attainable, and a considerable economy in fuel is said to be 
eflected at Woolwich, by the use of this furnace. 

169. Mechanical Puddling. — ^The work of the puddler 
is more laborious than any other involved in the manufac- 
ture of iron^ and for lessening its amount and rendering it 

19 L ^ 
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more simple, various contrivances have been proposed. Of 
the mechanism applied to, or external to the furnace itself, 
for imitating the movements and action performed bj the 
puddler with the rabble, are the various mechanical rabbles, 
etc. Thus, Nasmyth proposed to introduce high pressure 
steam through a tubular rabble into the contents of the fur- 
nace; but its use has been discontinued. The mechanical 
rabble proposed bj Mr. Eastwood, is a tool suspended from an 
overhead lever, and it is actuated bj a screw and worm gearing, 
whereby a compound motion is produced which has the effect 
of moving the rabble over every portion of the surface of the 
hearth. Amongst the other more or less promising arrange- 
ments of mechanical rabbles, should be mentioned that of 
Mr. Pickles, which, by a suitable arrangement of cranks, 
levers, and connections, there is given to the rabble a 
reciprocating motion across the hearth of the furnace, together 
with a circular motion through a definite arc of a circle^ and the 
combined result of these movements is a sweeping motion 
over all parts of the hearth of the furnace. Other arrangements 
differing in their mechanical details, but providing for the 
same motion, and applied with some success, are those of 
Whitham and of Griffiths, whilst Morgan proposed a four- 
pronged mbble, which, passing through the roof of the fur- 
nace, is simply revolved by suitable means, and thus stirs 
about the fluid metal upon the hearth. None of these con- 
trivances have, however, come into general use, since they do 
not assist the puddler in balling-up the charge, and although 
they enable somewhat heavier chaiges to be worked up to the 
balling stage, yet this very arduous operation still remains to 
be effected by manual labour alone. 

The same remark applies to methods such as those of 
Ellerhausen, who proposes, as described under his steel pro- 
cess, to effect a mixture of the liquid pig-iron, as it runs from 
the blast furnace, with oxidizing matenals such as hsematite 
or magnetite, instead of making the mixture on the hearth 
of the puddling furnace as practised in ordinary puddling. 
Other and more promising methods for reducing or super- 
seding the manual labour of the puddler, are to be found in 
the introduction of furnaces with hearths revolving either in a 
vertical, or in a horizontal plane. Of the first mentioned, the 
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proposals of Maudslej, Tooth, Menelaus, Bessemer, Banks, 
Siemens, Spencer, etc., ought to be mentioned ; whilst of fur- 
naces whose hearths revolve in a horizontal, or approximately 
horizontal plane, the most noticeable is that of Pemot. 

The great difficulty with furnaces revolving in the ver- 
tical plane, has been to obtain a refractory oxidizing lining, 
capable of withstanding the mechanical abrasion of the large 
rolling ball of metal, and the corrosive action of the slag. 
Although both Banks and Siemens appear to have overcome 
this difficulty, still these rotating furnaces have now practi- 
cally disappeared .from the works of this country, and are 
working only to a limited extent in America. The use of 
the Pemot and other horizontally revolving hearths, have 
also only met with a very limited degree of favour. 

170. Siemens' Rotary Furnace. — ^This furnace is described 
under Steel (p. 210). 

171. Banks' Furnace, — The working part, bed or 
refinery, of this furnace, consists of a revolving vertical 
chamber A, built up of cast-iron plates, and lined with 
a very refractory material; it is supported and kept in 
position by four rollers b, 5, and it is rotated by the spur 
wheel c gearing with a suitable pinion. The pinions are 
driven by a small reversible engine attached to each fur- 
nace. The ends of the chamber are contracted in diameter, 
one extremity communicating with the chamber or fireplace 
B, while the other end opens into the movable chamber or 
elbow flue C, leading to the fixed chimney B. Into the 
ash-pit E, closed by folding doors during the working of the 
furnace, is introduced a fan blast, and at the grate end of the 
furnace is a blast-ihain m, communicating by a number of 
small twyers, n, n, w, with the interior of the furnace, intro- 
ducing a blast above the fuel The combustion of the fuel is 
thus rendered more perfect, the supply of air being regulated 
by a valve under the control of the workman, who can thus 
adjust the temperatiu^ of the furnace according to the 
requirements of each stage of the process. The fire-hole, 
unlike the ordinary puddling furnace, is closed by a door, 
kept cool by a coil of pipes surrounding it, through which 
cold water circulates; in a similar manner the bridge between 
the fire and the rotating chamber, and also the end plates of 
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the refolving chamber most exposed to the he&t, are kept 
oool The movable chamber or elbow C, throagh which the 
gasespaaafromthechamber A to the chimney D, is suspended 




I Fig. 42.—PLkn, Half 
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by rods from a carriage sliding on an overhead jib or rail, 
and is kept in its place, except when charging or removing a 
ball, by the supports h; in the end of C is a stopper hole k, 
through which the progress of the operation within the 
puddling chamber can be observed. The revolving chamber, 
formed of cast or wrought iron segments connecting its two 
ends, is fitted with hoUow ribs o, o, o, o, running lengthwise, 
which serve to keep the plates cool, and also to hold the^ 
or fettling. 

The inside of the revolving chamber is first lined with an 
initial lining of a pulverized iron ore and lime, made into a 
thick paste with water, upon which, when dried, is thrown a 
quantity of pulverized iron ore or hammer slag, the chamber 
is then heated and revolved slowly, until the initial lining is 
completely glazed; upon the initial lining so prepared is 
introduced an inner lining, and for this purpose iron ore, 
as pottery mine and scrap, are then introduced and melted, 
forming the fixing, and into the melted bath or fixing so 
formed, lumps of iron ore, as ilmenite (a titaniferous iron 
ore), are thrown, the lumps of ilmenite projecting above the 
Hiurface of the bath; this is allowed to set, when another 
layer of fixing and ilmenite is introduced in the same 
manner, the operation being repeated until the chamber is 
completely fettled. The ores used in fettling this furnace 
are the ordinary fettling materials used for puddling fii:^. 
naces, such as Bilbao ore, " blue billy" (the residue from the 
burning of iron pyrites at sulphuric acid works), and 
hsematites; but the slags, bull-dog, etc., ordinarily used are 
unavailable. 

The charge of pig-iron is inserted at the chimney end, and 
as it melts, the revolving chamber A is set in motion; the iron 
is then carried partially around and rolls down the sides to 
the bottom of iSie vessel, and as it melts is carried farther 
around, running and dropping continually from the sides and 
top towards the lower part of the chaonber, thus exposing 
the metal thoroughly to the action of the heated air and 
gases. In these furnaces the charge, from 600 to 700 lbs., is 
larger than the charge of the ordinary furnaces, and is 
collected by the furnace into one ball, which is withdrawn 
tlirough the end, by removing the elbow flue C, and insert- 
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ing a large forked lever carried by a crane, when, by a small 
rotation of the chamber, the ball is turned on to the forked 
end of the lever, which is then withdrawn, and the ball con- 
veyed to be shingled. 

The puddled balls obtained range about 10 per cent, heavier 
than the charge of pig-iron introduced, probably due to the 
reduction of an amount of iron from the ore used as fettling. 

172. Crampton's Furnace. — ^This furnace consists of a re- 
volving chamber with a movable flue-piece at one end, and to 
the outer or end plate of the latter, is attached a trunk or tube- 
piece, which is bell-mouthed towards the furnace. Through 
this trunk a regulated supply of coaldust and of atmospheric 
air are automatically injected into the furnace, in the propor- 
tions necessary to ensure the complete combustion of the 
coal. The tube is provided with several feathers running in 
the direction of its length, and these aid in the better distri- 
bution of the coal within the chamber, by preventing the 
coal from settling upon the lower side of the tube-piece in its 
jmssage through the same. The coal for use in this furnace is 
iirst ground, sifted, and dried; it is then introduced into a hop- 
per above the furnace, and is fed to the tube-piece by rollers, 
whilst suitable doors applied to the tube-piece renders the 
admission of the amount of coal and air easy of regulation, 
according to the requirements of the furnace at diflerent 
stages. The several joints, and the chamber itself, are cooled 
down by the circulation of water about them. The revolv- 
ing chamber makes from 10 to 15 revolutions per minute. 
The cinder or working bottom of the furnace is prepared after 
the same manner as that of the Banks' furnace, where, after 
the withdrawal of a charge, the furnace is fettled by throw- 
ing in lumps of cinder, which embed themselves in the fluid 
cinder remaining in the chamber. 

The conduct of the puddling operation is pursued in a 
similar manner to that observed with the Danks' furnace, 
and the proportion of coal-dust is adjusted so that it shall 
all be consumed, without any sensible portion falling down 
and mixing with the metal under manipulation. A very 
high and regular temperature is attainable in this furnace, 
since the combustion of the coal commences immediately it 
enters the heated furnace. 
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178. Pernot Furnace.. — This is a regenerative gas furnace 
with a revolving circular hearth, standing at an angle of 5° 
or 6° with the horizontal plane. The hearth is mounted upon a 
carriage, in the centre of which is a socket which receives a 
pivot, around which the hearth revolves, the pivot itself being 
attached to the under side of the cast-iron segments, which, 
bolted together and encircled by a strong wrought-iron hoop, 
form the bottom of the hearth. In addition to the central 
pivot, the hearth is sujiported upon the carriage by rollers 
which are attached to the bed, and these wheels run in a 
roller path on the table of the carriage as the hearth revolves. 
The carriage itself runs upon four wheels, which travel along 
a suitable road, so that the furnace hearth can be drawn out 
from beneath the roof; and after any necessary repairs, 
etc., have been effected, the hearth can be again run under 
the roof of the furnace, and the whole is again ready for 
work, having suffered but little delay. The hearth is re- 
volved at the rate of from 5 to 6 revolutions per minute, by 
means of a worm and worm-wheel. The worm-wheel is fixed 
to the circumference of the ring carrying the roller bearings 
of the hearth, and into this gears the worm, which is itself 
driven by a small engine. 

The iron plates and castings, forming the bottom of the 
furnace hearth, are covered to a depth of about two inches 
with iron-ore and puddling furnace cinder. The hearth, after 
being thus fettled, is then run under the roof, the tempera- 
ture is raised and the fettling melted, after which the inter- 
stices thus left are filled up with broken cinder. 

From 15 to 20 cwt. of pig is then charged upon the hearth, 
where it quickly melts down, the molten metal standing at 
the lower side, and so only covers about one-half of the sur- 
face of the inclined hearth. Hence, as the hearth revolves, the 
fluid metal constantly stands at the lowest level, but a film or 
thin layer of metal always adheres to the bottom, and is carried 
round with it, exposing, as it passes through the higher posi- 
tions, a large surface of metal for atmospheric oxidation. The 
oxide so formed, as the hearth continues to revolve, passes 
in its turn beneath, and reacts upon the molten metal at the 
lowest part of the bed, and the charge thus rapidly comes 
to nature. The balling has to be effected by hand in the 
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usual manner, and at the lowest point of the hearth. The 
working off of this weight of charge, including shingling or 
squeezing of the puddled balls, occupies about two hours. 
The heating arrangements are carried on in the manner 
usually pursued with regenerative gas furnaces. 

174. Utilization of Waste Heat of the Puddling Fur- 
nace. — ^The flame and gases escaping from puddling and 
reheating furnaces, except those arranged on the regenerative 
principle, carry away a very large amount of heat, and, 
accordingly, boilers and hot blant stoves have been interposed 
in the course of the current of heated gases, between the 
furnace and the point where the gases escape into the atmo- 
sphere, which thus absorb and utilize a portion of the excess 
of heat which they carry away. An arrangement of this 
character is that in which the flame and gases pass through the 
flue of a vertical boiler forming part of the stack; and another 
arrangement is where the products of combustion pass under 
a boiler placed on the same level as the puddling furnace. 




CHAPTBB IX. 
THIC FORGE AND EOLLINQ MILUI. 

175. Meohaaioal Treatment of the Puddled Ball.— TL© 
puddled ball, aa it is withdrawn from the puddling furnace, 
coDsista of a sjrangy mass of malleable iiva, of which the 
particles are imperfectly welded together, and intermixed 
with much tap cinder, for the expulsion of this latter and 
the consolidation of the metal, the paddled balls from the 
Aimace are transferred, while Btill at a welding heat, to 
Singling or bloomtTig machiuea, where the bail is fashioned 
into oblong slabs called hloomt, which blooms stUI rettun 
sufficient heat to permit of their being drawn into rough ban 
known as puddled bart, by passing them through grooved 
puddling rolls. The operations to this stage are conducted ia 
the /orgs, the subsequent treatment of cutting up, piling, 
welding, and rerolling for merchant iron, eto., being conducted 
in the mm. 

The machinea for compressing or working the pnddled 
balls are of two classes, accordmg as the force applied is 
concussive or compresaive ; to the former belong the yarioua 
types of hammer, to the latter belong the class of squeezCTS. 




Fig. 4S. — ShinOUnO TJi-mnat |» HSLVB. 

176. Shingling^. — Of the numerous appliances for shing- 
ling the puddled ball, amongst the oHeat is the shingling 
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Lammer or helvej sketched, fig. 43, in which an arm or lever 
a is supported at one extremity upon a pivot bearing 6; the 
opposite extremity forming the head being lifted by cams 
upon a revolving wheel c, and allowed to fall by its own 
weight, through a lift of from 16 to 20 inches, upon the 
puddled ball placed upon the anvil d. The helves are 
made of several tons in weight, and make from 70 to 100 
strokes per minute. The variety known as the belly helvej 
in which the cam is placed below the floor, and acts 
upon the lever about midway between the head and the 
fulcrum, gives more space around the anvil than the first 
description. 

Stea/m harn/mers are employed for shingling in many of the 
newer works, replacing the older helve and tilt hammer, the 
power of adjusting the blow to the condition of the bloom, 
which is possessed by the steam hammer being especially 
desirable, while the helve always delivers the same weight of 
blow under all conditions of the bloom. The steam hammer 
consists of an inverted steam cylinder a, supported upon the 
standards c, c, and fitted with a piston, with its connected 
piston-rod passing through a packing in the lower cylinder 
cover; the extremity of the piston-rod is attached to the 
hammer block or tup b, which moves between vertical guides 
on the standards c, c. Steam hammers are called single or 
double acting, according as the steam is only applied on the 
under side of the piston for lifting the hammer head with 
the piston, which is then allowed to fall by its own gravi- 
tation upon the work placed on the anvil, or as the steam 
acts both in lifting the hammer head with the piston, and 
also in forcing it down upon the work; in the latter case the 
acceleration of the falling head is increased by the pressure 
of the steam above the piston. The puddled ball is placed 
upon the anvil d, the foundations for which in the heavier 
hammers are upwards of 100 tons in weight. The workman 
gives motion to the hammer by moving the handle e, by 
which steam is admitted from the boiler to the cylinder a, 
through a suitable slide valve; and the shingler, whose legs 
and feet are faced with sheet-iron casings, and his face 
protected by an iron gauze, moves the ball on the anvil 
between, each stroke of the hammer, showers of oslag and 
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Bcori&e being ejected from the puddled ball at tte firat few 
Btrokes of the hammer. 




I^g. *4.— 2C-T0N STBiM 

In Condie's hammer the piston is iixed, and the cylmder 
canTing the hwiuner head, block, or tup, moves up and 
down between vertical guidea at each stroke of the hammer 

Squeezers are of various forms. The alligator or crocodile 
aqueener consists of a pair of jawa, the lower of which ib 
fixed, while the upjier one is opened and closed npon it by 
a orank and connecting rod, receiving their motion either 
direct from an engine, or through a heavy fly wheel connected 
tlierewith; the upper or movable jaw is sometimes serrated 
so as to taie better hold of the puddled ball, which is first 
inserted at the wide end of the jaws, and as its size la 
diminished from the weldmg togethei of ita particles and 
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D of tbe Uqoid aUg, H is rolled h\ tLe «lniiglw to 
the back part of the j»w«, where it beaano more coHwJwfafa'H 
from the greal^ preasiire applied. In some sirangenraits of 
Uiia spporatas the eqneezer is made doable, Uist is, bsving 
ft pair ot jaws on ea4^ aide <d' Uie oentrs or fnlGzinn, as in 




V^. 49.— Boi-BU Sqdkbeeb. 
TbR horizontal squeezer consists of a rerolnng box o pro- 
jecting about 2 feet above the 
sarfiice of the uutsoni; in which 
the machine rests, imd is placed 
eccentric^y with r^ard to an 
L oater fixed box b embedded in 
I iba maaomj; thus the ball inbo- 
/ dnced at the widest pert d, is 
carried round hj the rotation of 
I from Hie larger to tlie smaller 
portion e, where it emerges as a 
puddled bloom readr for tlte ndls; 
— HoRizoHTAL motion is imparted to the inner 
or revolving box from a bevel 
wheel and pinion beneath the apparatus. 

Of the vertical squeezers, the most petfeot is that of Hr. 
Brown, which is capable of doing a large amount of workj 
but the difficulty of maintaining it in working order haa 
prevented its extensive adoption. The squeezer consists of a 
series of rollers b, b, shaped as in the accompanying figure, 
the journals at their extremities resting in bearings in cast- 
iron frames or standaids A, A, they are driven by spur gearing 
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as -Bhown, and 1>7 means of tlie screws f,^{ tlie rolls oaa beset 
at any distance apart. A ball a (fig. 47), introduced at the 
top is gradually compressed betTreen the rollerB as it is carried 
downwards, where tiie bloom falls on a Jacob's ladder, and 




Kg. 47.— Browh'b Sqcebzib, nn atjUEBziNO Puddled Balu 
is convened to the puddle rolls. The figure shows the 
machme with rollers, to give the ball three compressions, but 
by inserting other rolls the ball is made to receive a greater 
or less number of compressions before reaching the bottom of 
the machine. 

177. Boiling MiUe.— The shingled bloom, if intended for 
the production of merchant iron or other bars, is passed 
while still at a high temperature to the puddle rolls, or, as 
it is called, the forge train or mill, where it is rolled into 
bars some 16 feet in length and 3 inches wide by f inch 
thick, called then puddled bars, or if intended f«^ plates 
or sheets, the bars are made from 6 to 15 inches in width. 
The forge train consists of two pairs of cast-iron rolls of 
&om 16 to 18 inches in diameter, placed in one line. The 
left hand pair, called rougkmg rolU, have turned on their 
sur&ces a number of angular or A form grooves, diminish- 
ing in depth from left to right, and in order to better seize 
hold of the bar or bloom on its entry between the rolls, 
tiie surface of the grooves is usually roughened. In the 
right hand pair or finiihing rolk, the grooves, instead of 
being angular ate flat, as shown in the foUowing sketch; the 
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m the top and bottom 
I'oUs of each set coming to- 
gether, and jointly producing 
the section of the finished bar 
The two rolls of each pair re- 
volve at the same speed which 
in the roughing rolls is from 
60 to 75 revolutioiLB per minute 

2 and m the finish) ng rolls 80 to 
' 100 revolutiODB per minute the 
^ bottom roll IB connected directly 
IS to the steam-engine vhile dte 
a top one is driven by a spur wheel 
^ geunng into a wheel of the same 
J size on the lower roll the dis 
13 tance apart of the rolls being 
a regulated by the screws passing 
" through nuts in the top of the 
p standards or ItouaiTtgs 

The bloom is first inserted 
^ into the extreme left hand 
P groove of the roughing rolls, 
^ and the slab so oblAined is 
, i-etumed over the top of the 
^ rolls for insertion mto the next 
-I groove towards the right unless 
H the rolls are provided with a 

3 reversing motion for altering 
'^ the direction of rotation at 
^ each passage of the bar when 
"^ it may be introduced mto the 
^ next groove without drawing it 

over the rolls. The bloom is 
passed in this manner &om left 
to right through both series of 
rolls, the bar so produced being 
known as puddled bar, or Ka 1 
iron; for conversion into No. 3, 
or merchant iron, it requires 
further working, t<a which piir 
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pose bhe puddled bar is cut into lengths, piled, reheated, and 
again rolled. A pile consists of a number of bars arranged 
so as to form a pile or stack, of from 2 to 3 feet in length, 
and from 6 to 8 inches square, the pieces forming it being 
arranged so as always to break joint; the pile so formed is 
held together by a band of iron, and the mass is raised to a 
welding heat in a reheating or blooming furnace, when it 
is again passed through grooved rolls, in the rolling mill, 
similar to those last described, whereby the pressure of the 
rolls welds the bars into one mass, at the same time reduc- 
ing its section and drawing it out in length; the rolling is 
continued until the bar has assumed the requu^ dimensions, 
or has become so far cooled as to require reheating before 
rolling further. For No. 3 iron, this process of piling, 
reheating, and rolling is again repeated, and so on for the 
higher qualities. Sometimes the welding is effected partly 
by hammering and is finished only in the rolls. 

The miU train in two-high mills consists of two stands or 
pairs of rolls, like the forge mill already described, but in 
the mill rolls the lower of the left hand or rotighing roUa is 
coupled to the lower roll of the right hand or finishing roUsy 
by two cast-iron coupling boxes^ and a spindle or breaking- 
piece, the last mentioned being so called owing to its being the 
weakest point of the train, and it is expected to break before 
any other more important part of the mill gives way, 
when the rolls meet with any unusual obstacle. The upper 
rolls are coupled together in like manner, except in plate or 
sheet-mills, where the upper roll of the finishing pair runs 
loose, and is only driven by the grip of the work as it is 
driven between the pair by the adhesion of the lower roll. 
Also in plate or sheet-mills the top roughing roll is always 
slightly overbalanced, that is, the bearers which carry the 
journals (necks) of this roll, rest upon vertical bars connected 
with a system of levers and a large balance weight placed 
below the level of the mill floor. In this manner the top 
roll is kept constantly in contact with the screws, or ap- 
paratus for regulating the distance apart of the rolls, and for 
feeding down the same as the slab under operation becomes 
thinner and thinner after each passage between the rolls; 

* Greenwood, Steel aiid Iron, 
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For roDiDg nils, laiSf rods, soipe, angles, secdooa^ eta, 
the roHs are T^rioaslT grooyed aceording io the secdon to be 
pfodoeed ; whOst she smaDer mills are fitted wish " guide* " 
far direcdng the woik strmi^t into ihe grooTe% and pre- 
▼entiiig an J twisting of the sectioii as it kares the rolls ; also 
with ^ tirippmg-flaleM * for deanng the lazs from the grooves 
in the bottom roll as the bazs pass oat from the rolls, thus 
preTenting the collaring or wrapping <^ the work around 
the lower rolL Various other apfdiances are aixaiiged for 
reeeiTing the work, at the back ami front of the rolls as it 
iTifs fr^cHn the same, and lastly tackle is fitted to the mill, 
for derating the work and returning it over the rolls in 
nfla-rerersing millfl^ eta 

For plate rolling, instead of gro ov ed finishing rolls, plain 
cjlinders aze emjdojed, the pile being buih iq> in a special 
manner, and pa^ed throu^ the roUs. first in one direction, 
and thai in a direction at lig^t an^^ to the fonner, so as 
to widen out the plate and rmder the |^te more uniform in 
strength in the two direction& In mHls iot rolling armour 
l^ates and other heaw w<»ky in order to aroid the difficulty 
of returning the work over the rcdls, thej aze always fitted 
with reYersing gear, bj which the rolls can be made to rotate 
in the opposite direction; but, instead <^ reversing the roOs 
in mills for small lig^t wwk, running at a high velocity, the 
three high roUe have been adc^pted, in which three rolls are 
employed, the centre one being diiYen from the engine, while 
the t<^ and bottom ones are driven from the middle one by 
spur gearing; in this manner the work may be passed from 
^e one side between the middle and the top roll, and re- 
tomed back between the middle and lower roll; while for 
raising the work from the lower to the hi^er level, or vice 
versAj as required at each passage of the work, a lift moving 
in vertical guides, and balanced by a counterwei^t, is placed 
in front at each dde of the roUs, actuated either by a lever, 
a single acting engine, or a hydraulic cylinder and ram. 

In the manufacture of the dii rods used for wire drawing 
and in naQ making, a sheet of metal is cut into rods of square 
or rectangular section, by passing it through special rolLs, on 
which collars are formed, either by suitably grooving the 
rolls or placing on them steel discs separated by stops, the 
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collar on one roll working into the space on the opposite roll, 
but still leaving sufficient space between the periphery of the 
collar and the bottom of the groove for Uie rod to pass 
through; in this manner the rolls form a kind of compound 
shearing or clipping machine, by which the sheet is divided 
into a number of rods. 

In rail rolling, the top and bottom slabs of the pile are 
formed of No. 2 iron, between which are placed^ puddle bars; 
the pile so formed is heated, welded by hammering, and then 
rolled as in the previous cases, except that the rolls are 
grooved so as to iinally produce the section of the finished 
rail, and the rolling is so conducted that the top and bottom 
plates of the rail pile are made into the heads or part of the 
rail subject to most wear. The rail so produced is then cut 
while hot to its proper length, by a saw running at a high 
Telocity. 

178. Low Moor Iron. — ^For the production of the best 
qualities of Yorkshire iron, as that of Low Moor, Famley, 
and Bowling, a special method of treatment is pursued; the 
pig, as already noted, is first refined, broken into small 
pieces, and then puddled in small charges, with the em- 
ployment of a somewhat higher temperature than ordinary; 
the puddled balls produced are shiQgled under a helve 
hammer, and formed into plates or slabs called stcmipings, 
of 1^ to 2^ inches in tiiiickness, and 10 or 12 inches 
square, which slabs are then broken by the guillotine 
(a weight which is raised up and allowed to fall from a 
considerable height). The pieces so obtained are carefully 
assorted and classed according to the fracture, to be used 
for the production of hard or softer varieties of iron. The 
selected slabs are then piled together, heated, and welded 
under the hammer, the masses produced being reheated and 
rehammered two or three times, the rolls being here only 
employed in the la^t stages for giving to the bars their proper 
shape and section. 

Li the manufeu^ture of axles, shafts, and bars of large size, 
the iron is faggoted; that is, a number of small bars are bound 
together into a bundle, which is then heated in the reheating 
furnace and welded into one mass under the hammer, when 
if their form allow, they are finished by rolling. 

19—1. N 
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179. Rolling of Steel Ingots. — ^The forge operations of 
squeezing or shingling, passing through l£e puddle rolls, 
with the cutting-up, piling, reheating, and rewelding of the 
bars in the mill for the production of plates, rails, and mer- 
chant iron, as cited in- the preceding articles, are confined to 
the treatment of malleable iron ; since with steel or ingot- 
iron, the metal is cast into ingots which are practically free 
from the slag or cinder which accompanies the puddled ball, 
and the squeezing and shingling operations are therefore 
unnecessary. Steel is also void of the lamination and fibre 
characteristic of puddled bars, and does not require therefore 
the careful piling, welding, and rolling in different directions 
so as to get an approximately equal strength both with, and 
across the fibre. The forge opei*ations described for the 
working of malleable iron are thus both unnecessary and un- 
desirable in the working of steel or ingot iron. Moreover, 
steel ingots can always be cast of sufficient weight to make 
the desired bar, section, or plate, without any building 
up or welding together of two or more pieces. The treatment 
of steel is therefore confined to the reheating of the cast 
ingots as received from the steel melting department, and 
their treatment in the mill by the hammers for the pro- 
duction of blooms, slabs, billets, etc., and the rolling of these 
in the mill-train into rails, bars, sections, plates, etc. 

The practice of hammeririg steel ingots into blooms, slabs, 
billets, eta, before rolling into rails, plates, bars, eta, is being 
gradually discontinued, when the steel ingots, if not treated in 
the soaking pit arrangement (p. 201), are reheated in the mill 
furnace and passed at once direct to powerful mills known 
as '* cogging mills" where they are rolled into blooms, eta, 
which are then subsequently returned to the reheating fur- 
nace before passing to the mills for rolling into sections, 
bars, etc. In the production of rails, the blooms are usually 
sufficiently hot when they leave the cogging mill, to admit of 
being rolled straight off in the rail-mill into sufficiently long 
single lengths, and of their being cut up under the hot 
saw into three or even four 30 feet lengths of raU, thus 
reducing the considerable amount of waste or scrap arising 
from crop ends, etc., which are produced when rails are rolled 
in single lengths. 
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For the production of steel-tyres the ingots are cast cheese- 
shaped, that is, shorter and of greater diameter than the usual 
form of steel ingot as cast for general use, and each ingot is 
made of the weight required for a single tyre. Such ingots 
after reheating, are flattened down under the hammer to 
about half their thickness, after which the centre is punched 
out under the same hammer and at the same heat ; where- 
upon the ring so produced is opened out upon the side-beak 
of the anvil of the hammers which are engaged upon this 
work. In this manner a tyre-ring, roughed to the section of 
the tyre, and having a hole about 20 inches in diameter 
through its centre, is produced. This ring is then reheated, 
opened out, and finished to the required section and diameter 
either in a horizontal mill, or, as is now more usual, in open- 
end rolls. The tyre so produced is finally levelled, made per- 
fectly round and of the exact diameter required, by setting 
and stretching on a centre mandril or suitable blocks upon a 
flat straightening tabla 

The mill hammei*s for the production of blooms, slabs, 
billets, etc., from steel ingots, are, like the mills and machinery 
generally, usually of a heavier and more powerful type than 
the shingling hammers already described. Double-acting 
steam hammers with a wrought-iron framing of box section, 
and having a falling tup of 8 tons, with a stroke of 7 to 9 
feet is a usual type, but for exceptional work even much 
heavier and larger hammers are employed ; but the operation 
of coggiiig or rolling steel ingots direct, without the inter- 
vention of the steam hammer, is becoming more general. 

The mill-rolls for the rolling of steel do not difler very 
materially from the corresponding rolling mills employed in 
the treatment of the piles of malleable iron, except that they 
are generally much longer, stronger and heavier in all their 
details. 

180. Rolling-mill Engines. — These are often of great 
power, and in the larger mills are worked in pairs. Non- 
condensing, high-pressure, non-reversing, vertical or hori- 
zontal engines, with heavy fly-wheels, are most prevalent for 
driving the smaller mills, rolling merchant and guide-iron in 
two or three high mills. Numerous examples are also at 
work of condensing engines of the same type driving «sfia&aa 



196 METALLURGY. 

mills ; but for driving the larger mills working upon heavy 
sections, rails, plates, etc., reversing mills prevail. In these 
either the engine itself, which must be without fly-wheel, 
is reversed at each passage of the work, or, instead of 
reversing? the ensdne, the rolls themselves may be reversed 
by an arrangemlnt of friction, or hydraulic clutch, or by 
differential gearing ; in the latter cases the engine itself runs 
constantly in the one direction; but the reversing engine 
is the one now more generally adopted. 

When reversing engines are employed, either the crank- 
shaft of the engine is in line with the rolls, and is coupled 
direct to them by a suitable clutch, or else, there is a pinion 
on the ci*ank-shaft which gears into a wheel on the second 
motion shaft of the engine, in which case the second motion 
shaft is in line with the rolls, and drives them through a 
claw clutch. Reversing mill-engines are made of very large 
dimensions, and are usually either high-pressure and non- 
condensing, or are compound engines. In either case they 
are without fly-wheel, but are necessarily provided with a 
link-motion for effecting the rapid reversal of the engine and 
mill, whilst, to prevent the driver from too suddenly stop- 
ping and reversing the direction of the rotation of the 
engine after each passage of the work, the engines are fitted 
with a small water cylinder, or cataract arrangement, fixed 
between the pair of engines, and through which the reversing 
lever of the engines works. 

181. Mill Machinery. — Other necessary accessories of the 
rolling mill are crocodile, guillotine, or other shears, for 
cutting off the crop or waste-ends of rails, puddled, finished, 
or other bars, etc.; whilst in the case of heavy sections, rails, 
eta, which are cut to length immediately they leave the 
rolls and whilst still at a red heat, a large circular saw, re- 
volving at the rate of from 800 to 1200 revolutions per 
minute, is usually employed. The rail is drawn in front of 
the saw, whilst the saw, which hangs in a swinging frame, 
worked in and out by a rack and pinion, is advanced against 
the rail, and rapidly cuts it through, leaving a clean square 
end. In the plate and sheet mill, heavy shears are arranged 
for cutting the plates to dimensions and to shape, and lastly, 
bnt more especially in steel works, a testing machine for 
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Indicatmg the tenmle strengtba and ductility of test BamjJea 
of the metal, ia absolutely neceaaaij to ensure conformity with 
engineers' specifications. 

182. Reheating FornacaB. — The fumacea employed for 
rebeatingthe blooms, billeta, piles, or stamps of malleable iron, 
described in the last paragraphs, and the ingots, blooms, 
billets, slabs, etc., of steel, are of several classes ; (1), the 
open, fire, used vheie malleable iron is produced in the finery ; 
(2), the hoUmofire, aa used in the South Wales prooees; (3), 
the TffBerberalory reheating or balling ^furnace most generally 
adopted ; and (4), the goa/ting pU» o! Mt. Ojers, which ntilice 
the initial and latent heat of ike fluid metal in recently cast 
steel ingots, in preparing the same for the rolling milL The 
fiimocBB of the first two types have been described under the 
finery and South Wales processes respectively (p. 163); and 
of the third, or reverberatory type, there are two classes, one 
of which bums coal and solid fuela directly upon its own 
grate, while the other is heated by the combustion of gaseous 




Fig. 49.— Kkhbatibci oe Mill FunNACoa 

Tlie rdteating or mUlfu/rnaea, in which coal is employed as 

the fuel, resembles the puddling furnace in external appearance 

and form, the essential difference between the two consisting 



ia the nanSler proportioii of liie fixe-gimte to tiie lieuthy mud 
isliie eoostnietioiioCiliebedoCtlieiiiiUluriiace. Thebedof 
liie reheating faroMet is first lined with fiie-brick, and is then 
eoftted with sand fmmmedwdl in while mcMsi. The bed slopes 
vniforml J from the fire-bridge to the flne^ so thai the dag 
or Jtue-cmder^ prodooed bj the combination of the sand with 
the oxide of iron or seale formed bj the gyidation of the 
OMtal in the famaee, majmn down to the bottom <^ the fine, 
and there eseape throng^ a ti^hole made for that porpoae. A 
small fire is <^en maintained ontside the siadc and in front 
ci the tap-hole, for preventiog any sU^ipage by the conac^ 
dation ofthecbider« like the paddling fdmace, the stoking 
door of the mill fomaoe is sti^^ied with coal, and thedrao^t 
is controlled bj a stack surmoonted bj a damper ; in for* 
naces for heating bars of ordinary siaes the roof is kept very 
low, bat its height is controlled by the special ccmditions of 
the work. In famacea for heating laige plates and long 
heavy bars, it is asoal to place a second fireplace near the 
fine, and at right angles to the principal one. The fomaoe 
is sapporied externally by cast-iron plates and backstaves, 
connected together by tie rods over the top of the fomace. 

Beheating or mill fomaces using gaseous fuel have been 
extensively introduced, instead of the above form. In the 
last described fomace, the solid fuel is burnt by the admisaion 
of air to the grate-bars, so that the heating power is chiefly 
derived from the sensible heat of the flame and gases as they 
pass from the bars over the fire-bridge and heartii of the fur- 
nace to the stack, whereas in the gas furnaces, the combustion 
of the gases commences at the fire-bridge, and is only com- 
pleted on the hearth itself. With the use of gas, as already 
mentioned, a better, more uniform, and more easily controlled 
heat iB ensured, with a less consumption of fuel and less 
waste of metal from oxidation. 

The gases required for combustion may be generated either 
in separate producers, quite independent of, and isolated 
from the furnaces themselves, as in the original arrange- 
ments of the late Sir William Siemens, or like the Bicheroux, 
Ponsard, Casson, Bo^tius, and other furnaces, the producer 
or gas generator may be directly connected with, or form 
part of the same structure as the furnace itsel£ 
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The Siemens reheating or mill furnace is a regenerative 
gas furnace, of which the gas-producers have been already 
described (page 62), whilst the regenerators are the same as 
those described (fig. 55, page 236). The furnace itself re- 
sembles in external appearance and form either the ordinary 
puddling, or the Siemens' steel-melting furnace, but it is fitted 
with one, two, three, or four working doors, according to the 
power of the furnace and the requirements of the work tmder 
operation ; while it differs also from the melting furnace (fig. 
55, page 236) in having smaller regenerators, and instead of 
the dipping roof usual in the melting furnace, the heating 
furnace has a low, nearly flat, arched roof, although the height 
of this varies wiUi the size of the work to be heated. The 
bed or heai*th of the reheating furnace is simply prepared 
with 10 or 12 inches of sand, spread over the fire-brick lining 
of the bed-plates of the furnace, and it slopes only slightly 
from front to back towards the tap-hole, which is situated at 
the centre of the back side of the furnace. The tap-hole is only 
i^uired at irregular intervals, forthe withdrawal of the cinder, 
which collects on the hearth during the working of the fur- 
nace. The two ends of the furnace are built quite symmetri- 
cally as to the regenerators, air and gas ports, whilst the 
manner of working the furnace is precisely the same as that 
described on page 237. 

The Siemens regenerative reheating furnace, although 
originally designed to be worked in conjunction with the 
Siemens producers, can, and is very frequently, worked with 
the Wilson or other gas generating apparatus. 

The Fonsard regenerative reheating furnace works with 
its own gas producer, which is similar in construction to the 
Siemens producer, but it is erected below the fioor level, and 
forms a part of the furnace structure itself. The gases thus 
rise direct from the producer to the fire-bridge or ports of 
the fnmace, the supply of gas being controlled simply by a 
damper placed in the flue, between the producer and the 
furnace hearth. This furnace is fitted with but one re- 
generator, or, as it is called, "recuperator." This is a 
chamber filled with an arrangement of solid and hollow 
bricks, whereby the solid bricks form a series of veitical 
passages through which the waste gases from the furnace 
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descend on their way to the stack ; whilst the hollow 
bricks are arranged between these so as to form transverse 
passages which commnnicate with one another, but not with 
the vertical passages through which the waste gases pass. In 
this manner, whilst the waste gases pass downward through 
the vertical passages, and thus heat the recuperator, at the 
same time the cold air enters at the bottom of the chamber, 
and ascends through the numerous transverse passages on 
its way to the furnace, which it enters at a temperature of 
about 500^ C. This recuperator is therefore continuous or 
non-intermittent in its action, and the heated air always 
enters the furnace at the producer end, whilst the waste 
gases escape from the opposite end of the furnace and pass 
away through the recuperator to the stack, and no reversal of 
the current is necessary. It will be observed, also, that only 
the air for combustion is heated, whereas in the Siemens fur- 
nace both the gas and air are so heated. 

The Bichsroux, Cdsson-Bicherotix, and Boetvua furnaces 
are each gas furnaces without regenerators, and bum the 
gases direct from their own producer, which occupies the 
place of the fire-grate in the ordinary coal furnace. In these 
fui-naces arrangements are only made for raising the initial 
temperature of the atmospheric air, and this to a temperature 
which is below that attainable in the Siemens furnaces. 

In the Bicheroux furnace the air is drawn from the flue 
end of the furnace, and is heated by circulating through a 
broad, flat and shallow flue, built beneath the heated hearth 
of the furnace, before it meets with the producer gases for 
combustion at the fire-bridge. 

In the Casson-Bicheroux furnace the air is heated by cir- 
culating it beneath the ash-pit, around the sides, and through 
the back of the producer (page 66), before it is delivered in a 
broad stream, above and behind the gases from the producer. 
The producer may be built either close to and forming part 
of the furnace, or it can be built at a convenient distance 
behind the furnace, the supply of gas being regulated by a 
damper in the flue between the producer and the furnace. 

The Bo@tius furnace heats the air by circulating it 
through the sides and over the roof of the producer, befoi*e 
it finds admission to the fire-bridge of the furaaoOi 
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In Austria and Hungary a gas furnace using wood as the 
fuel, has three hearths between the generator and the stack. 
The first hearth, or that nearest to t&e generator, is heated by 
the sensible heat of the gases therefrom, and is used as a 
rehecUing furnace ; while in the second or puddling hearth, 
the combustion of the gas is effected by the introduoticm of 
air over the fire-bridge ; and in the third, which is heated by 
the gases as they pass from the puddling-hearth to the stack, 
the pig-iron is placed for preliminary heating before moving 
it on to the puddling-hearth. 

The cinder or mill furnace slag produced in these reheating 
furnaces is essentially a tribasic ferrous silicate, containing 
from 50 to 60 per cent, of ferrous oxide, equal to from 45 to 
50 per cent, of metallic iron ; it also contains about 30 per 
cent, of silica, and smaller proportions of ferric oxide, mangan- 
ous oxide, alumina, lime, magnesia, sulphur, and phosphoric 
anhydrida 

l^e loss of metal in the conversion of pig-iron into bars 
of malleable iron, varies with the kind of pig operated upon ; 
with the skill of the workman, and with the kind of iron 
produced, that is, upon the number of reheatings^to which it 
is subjected. In Staffordshire the loss averages about 25 per 
cent, of the pig-iron, and in South Wales it is somewhat 
greater. 

183. Soaking Pits. — These pits were first successfully used 
by Mr. Gjers, to avoid the necessity of reheating Beasemer 
steel ingots, intended for rolling into rail& The arrange- 
ment consists of a group of pits or vertical chambers, which 
are built below the floor level, in a compact rectangular block 
of brickwork, each chamber measuring about 3 inches more 
in width, and from 6 to 18 inches more in depth than the steel 
ingot which it is intended to receive. Each chamber is covered 
with its own movable cover-lid of firebrick or of fireclay 
tiles, and the whole group of pits is controlled by a orane for 
quickly inserting and withdrawing the ingots, and deliver- 
ing the same to the hammers or rolls, as the case may be. 

The soaking pit arrangement is only applicable to the treat- 
ment of steel ingots, ^ese ingots present on removal from 
the moulds, within a few minutes of the metal being cast, an 
external skin at a red heat only, while the interior of the 
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ingot is probably still in a fluid condition, and altogether too 
hot to pass through the rolls. But by placing such ingots, 
each in a separate firebrick chamber or pit previously heated 
to redness, and then closely covering the same, the initial 
heat of the ingot, together with the latent heat of the fluid 
metal in its interior, and which becomes sensible as the metal 
solidifies, soaks or distributes itself uniformly throughout 
the whole mass of the metaL After remaining in the pit for 
from twenty to thirty minutes, or upwards, according to the 
size of the ingot, such an ingot will present on withdrawal a 
skin which is sensibly hotter than when it was first inserted 
into the pit, and the ingot itself is also more uniformly heated 
throughout, whilst at the same time it is quite hot enough for 
treatment either under the hammer or in the rolls, and this 
result has obviously been attained without the expenditure 
of any fuel for reheating purposes. 

In putting these pits to work it is necessary, therefore, to 
first thoroughly dry the brickwork, and then to insert ingots 
into the several chambers until the brickwork has all become 
heated to i*edness, after which they are ready for regular work, 
and will work continuously so long as the supply of ingots is 
maintained. The steel ingots for insertion into these pits 
should be allowed to stand in the moulds in which they are 
cast only sufficiently long to bear lifting with safety, when 
they should be removed and transferred as quickly as possible 
to the heated soaking pits, to stand therein as stated above, 
until ready for the rolls. 

During the time the ingots are in the pits a quantity of 
gas, chiefly hydrogen, nitrogen, and carbonic oxide, exudes 
from the same, which fills the chambers, and bums in small 
quantities around the edges of the covers. The gas exuded 
takes fire immediately the covers are removed for the with- 
drawal of the ingots, but it has served during the soaking 
process to fill the chambers with a non-oxidizing atmosphere, 
and the ingots do not, therefore, scale or waste to the same 
degree, as occurs in the ordinary reheating operation. 



CHAPTER X. 

STEEL. 

Steel is a combination of iron with from 0*1 per cent, to 
1'8 per cent, of carbon, or, as defined by Mr Holley in a 
lecture before the Stevens Institute, U.S., steel is an alloy of 
iron which is cast in a fluid state into a malleable ingot, has 
a bluish-grey colour, with a tinge of brown ; in cast-steel, it 
is usually considered that the bluer the shade in colour the 
better the metal; when hardened, it is whiter than in its soft 
condition. The fracture of a steel ingot of a hard temper 
should show a shining silky appearance, not dull and leaden 
looking, nor containing bright specs embedded in a dull 
matrix. Steel is void of the fibre so characteristic of wrought 
or bar iron; its specific gravity is from 7*6224 to 7'8131 
(Karsten) ; it is softer than speigeleisen but harder than bar- 
iron; is very malleable when hot, but requires working at a 
lower heat than wrought-iron, with the exercise of greater care 
than is necessary with the latter; it expands less than cast-iron 
under the infiuence of heat and can be welded at a lower tem- 
perature than suffices for malleable iron, requiring, however 
greater attention that the surfaces be freed from scale or 
oxide by the use of borax instead of the sand used in welding 
wrought-iron. Its melting point, about 1800°C., is between 
that of pig-iron and of malleable iron; it is less easily mag- 
netised, but its magnetism is more permanent than is that 
of pure iron ; it is also less oxidizable on exposure to air and 
moisture than is malleable iron. The tenacity of steel varies 
much with the temper; soft Bessemer or Siemens steel will 
break under a load of from 24 to 26 tons per square inch of 
section, while the steel used for engineers' tools requires a 
force of 70 tons or upwards per square inch to break it. The 
power of elongating before fracture in the milder varieties 
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is not inferior to that of malleable iron; strips of steel boiler 
plates f inch thick and 3 inches wide, may have a f inch hole 
drifted to 2^ inches in diameter without cracking the plate; 
while in elasticity ^ steel is superior to malleable iron. The 
strength and ductilily of steel are improved bj hammering, 
rollii^, and wire-drawing, if these operations be conducted at 
suitable temperatures. The most characteristic and at the 
same time most important quality for many purposes to which 
steel is applied, is the facility with which the harder tempers 
may be hurdefned by heating and suddenly cooling, as by 
immersion of the heated metal in cold water, etc. ; ^e more 
quickly the cooling is effected, the harder does the steel 
become; if plunged into oil, which does not act so rapidly 
in cooling the metal, it is but slightly hardened, but its ten- 
acity is sensibly increased; while by immersion in mercury, 
or other good conductor of heat, the steel is rendered intensely 
hard, llie metal after hardening is slightly increased in 
voluTiie, and its specific gravity is accordingly reduced, the 
specific gravity in the hardened state varying from 7*55 to 
7*75 (Binman); in its soft or unhardened condition, if treated 
with hydrocloric acid it leaves a graphitic or carbonaceous 
residue, while the same steel in its hardened state is wholly 
dissolved under the like treatment. By heating to redness, 
and then allowing to cool slowly, t.e., ^^ annealing** of 
hardened steel, it is restored to its original condition of soft- 
ness and malleability; thus by hardening and subsequently 
heating to a temperature below redness, and then suddenly 
cooling by immersion in water when the steel has acquired 
the desired temperature, it may be obtained of various degi*ees 
of hardness, this operation being known as '' tempering" the 
steel, or in the workshops "letting down;" if the surface be 
polished and this operation of reheating performed with access 
of air, films of oxide form on the surface of the steel giving 
rise to a regular succession of colours, as the temperature 
rises or falls; from these colours the workman determines 
the temperature or temper of his work ; the shades which 
successively appear as the steel is gradually heated are light 
straw colour, dark straw, golden yellow, brown, purple, violet, 
and deep blue; the first corresponds to a temperature of 
about 220^0., giving the hardest temper, such as is required 
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in tempering razors, etc., while deep blue, or the temper 
given to saws, corresponds to a temperature of about 320° C- 
Articles of steel that require to be hardened and tempered, 
are first forged and finished working while in their soft 
state, and are subsequently hardened and tempered. 

ANALYSES OF BESSEMER, SIEMENS, AND 
CRUCIBLE STEEL. 



Carbon, 

Silicon, 

Sulphur, 

Phosphorus, 
Manganese, . 
Copper, 



Soft 
Neiiberg 
BesAeniei' 

Steel. 



0126 
0-135 
0-014 
0060 
0-158 
0112 



Siemens' 


Bessemer 


Steel 


Steel 


Plates. 


Rails. 


0-21 


0-313 


0047 


0078 


0-052 


0-076 


0035 


071 


0-36 


0-516 


• • • 


trace 



Steel for 

Coining 

Dies. 



1-07 

006 

trace 

trace 

0-12 



As steel approaches in physical characters to the nature of 
malleable iron on the one hand, or to pig-iron on the other, so 
the chemical composition tends to similarity with those of these 
limits. In mild steel, the carbon frequently does not exceed 
0*1 per cent., malleable iron often containing 0*25 per cent. 
Steel containing only 0*1 per cent, of carbon may be welded 
almost as easily as iron, and can be worked under the haQimer 
at nearly the same temperature as is used for malleable 
iron. The harder tempers of steel, containing 1*5 per cent, of 
carbon, are more brittle, require to be hammered with great 
care and at a comparatively low temperature, thus approach- 
ing towards cast-iron in behaviour. The hardening quality 
of steel seems to depend upon its state of carburization. 
Steel containing less than 0-5 per cent, of carbon does not 
sensibly harden except in very small thin pieces ; but the 
higher the carburization, the lower the temperature at 
which the steel will harden. Pure iron will not harden even 
if plunged into mercury. The coefficient of expansion for heat 
is less in steel than in cast-iron, hence the allowance to be 
made in the moulds for the contraction of steel castings, is a 
little less than that allowed for the same purpose in the case 
of cast-iron. Fluid steel possesses the power of occluding 
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certain gases, notably of hydrogen, and of again largely liberat- 
ing the same at the moment of the solidification of the metal ; 
hence steel ingots, especially of the milder tempers, are iisn- 
ally unsound, presenting when fractured an honeycombed, 
vesicular, or piped structure, of which the small honeycombs 
or cells are mostly filled with a gas consisting of from 70 to 
90 per cent, of hydrogen, with from 10 to 20 per cent, of 
nitrogen, and but small proportions of carbonic oxide, 

Silicon, present to a large extent in certain varieties of 
pig-iron, occurs but to a very limited amount in steel, the 
presence of 0*5 per cent, of this element in steel rendering it 
almost unworkable at a red heat. 

Svlph/u/r, phoaphoruSy and copper are the great enemies of 
good steel, 0*05 per cent, of sulphur renderihg the metal 
bintUe and red-shorty while 0*1 per cent, of phosphorus is 
objectionable as tending to render the metal unworkable at 
ordinary temperatures, i.e., coldshort. The efiTect of phos- 
phorus is also to harden the steel in the same manner, 
but more rapidly than carbon does. 0*5 per cent of copper 
induces redrshortnesa in the steel. 

184. Alloys. — Steel alloys itself readily with many other 
metal& Copper, in not too large proportion, alloys readily 
with steel, with the production of a substance harder than 
steel, but which is also red-short 

Tungsten alloys with steel in all proportions. The product 
is said to be harder and more elastic than ordinary steel ; it 
requires, however, considerable care in its production. A 
special *' tungsten steel " is prepared which can be cast into 
the forms required for engineers' tools, and which, without 
any hammering or forging, can be ground to a fine edge in 
the usual manner. Such steel is sufficiently hard and dur- 
able for the requirements of engineers' tools without any 
hardening or tempering process. 

Mangomese, in some form, is now almost universally used in 
the manufacture of steel ; as speigeleisen or other combination 
of carbon with iron and manganese, its use forms an essential 
element for the success of the Bessemer process, and it is also 
said to render the ingots sounder and more free from honey- 
comb. The action of manganese in improving the quality of 
steel is by no means determined, for it would not appear to 
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depend upon the formation of an alloy of manganese and steel, 
since the manganese passes almost wholly into the slag, a small 
proportion only entering into the composition of the steel; still, 
that the presence of a small amount of manganese is neces- 
sary is shown from the fact, that the steel which has been 
re-melted without a further addition of manganese (and in 
which the residue of manganese would be removed in the 
second slag or flux), is found to be redrshort^ while, if a little 
manganese be added to the charge in the re-melting, the qua- 
lity of the metal will not be deteriorated by the second fusion* 

Manganese in small proportions hardens steel, increases 
its strength, but decreases its ductility. Its presence also 
partially neutralises the cold-shortness induced by the pre- 
sence of phosphorus in the steel, and also, provided the 
manganese be not present in excess, it improves the quality 
of steel, which would otherwise be red-short from the pre- 
sence of sulphur. Hence the advantages arising from the 
actual presence of manganese in the finished steel, appear to 
be principally due to its correction of the evils produced by 
the presence of impurities, such as sulphur and phosphorus; 
but its use, as already mentioned, for the expulsion of gases, 
etc., from the metal during the manufacture of steel by the 
Siemens, the Bessemer, or other process, is now also universally 
accepted. 

The use of tUcmium in steel is the subject of numerous 
patents. It is said to give '' body " to the steel, that is, the 
quality of retaining its hardness without brittleness after 
repeatedly reheating; its use is however questionable, and I 
have been unable to detect titanium in some specimens of 
the so-called titanic steel. Steel will only alloy with very 
small proportions of silver, and if melted with considerable 
quantities of silver, the latter almost wholly separates on 
cooling. 

Gold, platinum, and aluminuni alloy readily with steel, 
though the resulting alloys have had but few practical 
applications. 

Aluminum was once considered to be an essential of 
the fine Indian steel known as *' Wootz^^ which is capable 
of receiving such a fine damaskeened surface ; this view, 
however, is now discredited. 



i 
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185. Damaskeening^ is the name applied to the method of 
producing the brown colouration and figuration of gun- 
barrels, sword-blades, etc.; it is produced bj the action of 
various acid solutions on the metal, and is considered to be 
due to the unequal corrosion or solvent action of the liquid 
upon the metal, with the deposition of films of carbon, etc., 
on various parts. 

186. Methods for the Production of Steel. — ^The methods 
for the production or manufacture of steel may be classed 
under the following heads : — 

L Methods of prodttcing steel direct from the ore^ as in the 
Catalan forge, or by heabing rich ores such as the oxides of 
iron, with carbon or carbonaceous matters either in crucibles 
or in suitable furnaces. 

II.' By the coflrhurization of malleable iron by solid or 
gaseous carbonaceous matters, as in the osmentation process, 
and in the process for the manufacture of cast-steel in cru- 
cibles or other vessels. 

III. JDecarburization m^thods^ which are divisible into the 
following classes, viz.: — 

1. By the partial decarburization of pig-iron in the finery, 
the puddling furnace, or in other apparatus. 

2. By the fusion of pig-iron with oxide of iron, etc., as 
in the TTchatius' process, the Siemens' open-hearth direct 
process, etc. 

3. By the fusion of pig-iron with malleable iron, as in 
the Siemens-Martin process. 

4. By the Bessemer or pneumatic process, including also 
the Basic process. 

DIRECT METHODS, OB THE PRODUCTION OF STEEL DIBEOT 

FROM THE ORE. 

187. Steel in the Catalan Forge. — The Catalan forge has 
been already described (p. 145), and it is only requisite, if 
steel is to be produced instead of malleable iron, that the 
product be less highly carburized ; and for this purpose the 
inclination of the twyer is diminished, whereby the reduction 
of the ore is effected more slowly, and the reduced metal is 
therefore allowed to remain for a greater length of time in 
contact with the fuel (charcoal), whereby an amount of 
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carbon is introduced into the metal sufficient to give the 
product the character of steel. 

This process, as also all those for producing natural steel, 
as practised in Styria, Westphalia, and other parts of the 
south of Europe, known as the Styrian, Carinthian, and 
other processes, are rapidly being replaced by the more 
modem methods of steel manufacture, and will not require 
further notice. 

188. Chenot Process. — ^This process consists of two stages, 
viz.: — 

1. Fusion of the ore in a particular manner, for the pro- 
duction of a metallic sponge. 

2. The fusion of this spongy mass, either with solid hydro- 
carbons, or after its saturation with liquid hydrooarbon& 

The metallic sponge is prepared by breaking the ore into 
lumps about 30 c.c. in size, which are cemented together by 
pressing them with about 3 per cent of resin, and the ore so 
prepared is mixed with more charcoal than suffices for the re- 
moval of the oxygen in the ore. This mixture is introduced 
into a furnace about 50 feet high, consisting of two vertical re- 
torts contained within a conical covering, vertical flues conduct- 
ing the gases and flame from the fire along the vertical sides 
of the retorts; the reduction is completed in from three to five 
days, when the charge is withdrawn by rempving the bars at 
the bottom of the retorts, and allowing the mass to fall into 
receivers placed on waggons benoath their lower extremities. 
The receivers or coolers can be closed so as to prevent the 
access of air until the mass has cooled down, which may be 
promoted by circulating water around them. The metallic 
sponge, or pidverulent matter so obtained, is mixed with 
charcoal powder or solid matters rich in carbon, or saturated 
with liquid substances rich in. carbon but free from sulphur; 
the mass is then compressed to about two-thirds of its original 
bulk and melted in crucibles, when the gangue of the ore 
rises to the top of the melted metal, and is cooled imme- 
diately before teeming by throwing in a little sand, when it 
may be skimmed offi This process has been found unpro- 
fitable in Sheffield, since the Chenot charge, though smidler 
than ,an ordinary crucible charge, requires the same quantity 
of coke for its fusion. 

19—1. o 
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189. The Siemens Direct Process.— The late Sir W. 

Siemens, F.R.S., adopted the principle of his regenerative 
gas furnace to the production of wrought iron or steel direct 
from the ore. The furnace now employed is a rotating cham- 
ber, or rotator as it is called, which revolves in a vertical 
plane, and is connected with its own gas producers, as also 
with two regenerators of the ordinary Siemens construction. 

The rotator, or revolving cylindriciJ chamber is of wrought 
iron, and measures about 10 feet 6 inches in diameter, and 10 
feet 6 inches long; it is encircled by two rails which rest upon 
four anti-friction rollers ; and the whole is connected with a 
smaU engine and gearing, by which varying speeds of rota- 
tion can be communicate to it. The chamber is lined with 
a basic lining, formed of a single course of firebrick laid on 
edge over the whole surface of the iron casing, and upon the 
bricks a working basic lining, or fettling of about 2^ inches in 
thickness, is made by melting within the rotator itself a 
mixture of hammer-scale and iron ore. 

In the vertical end of the revolving chamber, nearest to 
the producers, is a circular aperture or throat, through which 
the gases and air from the producers and the regenerators 
respectively are admitted to the furnace for combustion, and 
the annulus in the furnace and around this opening or throat 
is by preference lined with bauxite or magnesite bricks. In 
like manner, in the opposite vertical end of the furnace, is a 
circular charging or working door, placed between the centre 
and the periphery of the end plate. This door is closed and 
securely fastened during the time the furnace is revolving. 
Like the throat end, the end plate around the charging door 
is also lined with bauxite bricks, since each end is subjected 
both to the mechanical abrasion of the moving charge as the 
furnace revolves, as well as to the corrosive action of the 
slag, and these bricks withstand such action better than 
ordinary fire-bricks. In the front end of the rotator, and 
beneath the working door, is the tap-hole by which the 
slag is tapped out into vessels placed in a ''cave beneath the 
rotator. 

The two regenerators, with which each furnace or rotator 
is connected, each serve alternately for heating the air as it 
passes to the rotator, and then for absorbing the heat from 
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tLe products of combustion as thej leave the chamber, aftec 
the ordinaiy manner of a pair of Siemens' regenerators ; and 
it will be noted, therefore, that it is only the air that is heated 
by passing through these regenerators, whilst the gas is sup- 
plied direct from the producers to the furnace. A brick par- 
tition (in the neck or throat that is built between the brick- 
work of the regenerators and the rotator itself) constitutes 
the only division between the flue through which the air aild 
producer gases enter, and the exit flue by which the waste 
gases leave the rotator for the regenerators and the chimney. 
The velocity with which the gases and air enter direct from 
the producer, and the regenerators respectively, is sufficient 
to carry th^u through the furnace to the working door, be^ 
fore they are drawn back by the draught of the chimney into 
the exit channels, which, as just described, are at the same 
end of the chamber as the openings by which the gases and 
air »xe introduced. 

The furnace or rotator having been heated up during the 
slow revolution of the chamber, it is then revolved until the 
open charging door in the front end of the rotator is in its 
most elevated position. The rotator is then stopped, and 
the end of a telescopic shoot from the charging hopper, is 
introduced into the charging door. A slide in the bottom 
of the hopper being drawn, the charge, consisting of about 20 
cwt. of small ore (hsematite), 12 cwt. of hammer or roll scale, 
and about 6 cwt. of charcoal (all previously mixed together and 
i-aised by a Jacob's ladder, or other suitable arrangement, to 
the elevated hopper, during the time that the previous charge 
was being worked oflf), is now introduced, after which the 
velocity of rotation is increased, to facilitate the mixture of 
the charge. Decomposition ensues, and the ferric oxide is 
reduced to magnetic oxide, which, as it begins to fuse, 
causes the decomposition to become more violent; at the 
same time some metallic iron is separated, and a liquid slag 
is also produced. During this stage the velocity of the rota- 
tion is diminished, and the supply of gas is almost entirely 
shut ofl*, heated air only being admitted as required for the 
combustion of the gases produced during the decomposition 
in the rotator of the ore and scale by the carbon of the charge. 

But after this period the heat is raised by the admission 
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190. Cementation Process. — ^The cemenu ■ of a mix- 

ing process consists in the conversion of bar-it^^ Hions of 
by the long continued application of a heat app^^^ 1 after 
Avhiteness, or about 1170^0., to bars of iron emW* ▼hick 
charcoal, the whole contained in suitable chests, ^5^ Toal 
out of contact with the air. ^ ^ 

The convei-ting fiunace has externally the appearaito-. 
an ordinary glass-house furnace; it consists of two stoiift'* 
lire-brick boxes or troughs N, N, called pots, each from 3 j^ 
to 4 feet in width, about the same in depth, and 12 feet ii^ 
length, and open at their upper surfsuse. These pots ai« 
arranged one upon each side of the fire-place C, which runB 
the full length of the furnace, and are contained within the 
chamber or vault of fire-brick A, covered in by the arch B; 
beneath and up the sides of the pots are built a number of 
ti-ansvei-se and vei-tical partitions respectively, whereby the 
space along the length of the pots is divided into a number 
of transverse and vertical dues, so that the gases and pro- 
ducts of combustion from the fire cii-culate under and around 
the boxes before obtaining access to the flues D,D, and by 
the short chimneys E,E, with the interior of the dome F, 
which surmounts and encloses the whol& There are usually 
three of the short chimneys E along each side of the vault 
O is a man-hole in the brick end of the chamber or vault, 
large enough to admit of the entrance of a man t^ c^Icax^ 
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of fjas and air in larger quantities, and the speed of rotation 
18 at the same time increased. When the reduction is com- 
pleted the slower speed of rotation is resumed, and the pre- 
cipitated or reduced iron is collected into five or six balls. 
The rotator is now stopped with the tap-hole and charging 
door at their lowest points, when the highly basic slag or 
cinder produced by the process is tapped out in the manner 
already mentioned into suitable slag tubs or barrows standing 
beneath the tap hole. After the slag has been tapped out 
the balls of spongy malleable or steely iron are then drawn 
from the rotator on to bogies standing in front of the door, 
and are conveyed to the hammers or squeezers to be shingled 
or squeezed in the ordinary manner, for the production 
of blooms corresponding to the puddled blooms from the 
puddling process ; or if it be intended to use the product 
for the manufacture of steel in the open-hearth furnace, 
then either the rotator balls or the shingled blooms, are 
transferred at once and whilst still hot, to the open-hearth 
furnace, where they are melted along with the other ordinary 
materials of the furnace charge. 

The process of reduction lasts about three hours, it is at- 
tended with a very large economy in fuel, and but a very 
small amount of manual labour is required for the conduct 
of the process. There is, however, a considerable loss of 
iron in the slags, but the process for this reason effects a 
very large elimination of phosphorus from the iron produced 
by this process from phosphoric ores, such as those of Nor- 
thamptonshire. 

It is necessary that the surface of the lining of the re- 
volving chamber be not quite regular and smooth, or 
otherwise the charge simply slides around as the rotator 
revolves, without turning over fresh portions of the mixture 
of ore and charcoal to the action of the flame, and of the 
reducing influence of the furnace gasee. The irregu- 
larities in the surface of the lining also serve to break up 
the charge for balling in the later stages of the process. 
In the more recent an*angements for producing this irregu- 
larity of surface, four pipes are carried through the furnace 
from back to front, between the shell and the firebrick lining, 
and beneath the fettling. Upon each of these pipes are two 
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elbows or bends which stand vertically above the general 
level of the fettling. These elbows are themselves pro- 
tected from the heat and abrasion of the moving charge, 
by covering them over with brickwork and fettling, like 
the body of the furnace itself ; but the pipes are also kept 
cool by a current of water, which circulates through them and 
through a water jacket fitted at the back of the rotator for 
keeping the back plates cool. The elbows or lumps in the 
lining serve to break up and to turn over the charges as the 
rotator revolves, thus shortening the duration of the process, 
and also greatly facilitating the balling up of the charge, and 
so diminishing the amount of manual labour. 

PRODUCTION OP STEEL BY THE CARBURIZATION OP 

MALLEABLE IRON. 

190. Cementation Process. — ^The cementation or convert- 
ing process consists in the conversion of bar-iron into steel, 
by the long continued application of a heat approaching to 
whiteness, or about llfO^C, to bars of iron embedded in 
charcoal, the whole contained in suitable chests, and kept 
out of contact with the air. 

The converting furnace has externally the appearance of 
an ordinary glass-house furnace; it consists of two stone or 
fire-brick boxes or troughs N, N, called pots, each from 3 feet 
to 4 feet in width, about the same in depth, and 12 feet in 
length, and open at their upper surface. These pots are 
arranged one upon each side of the £b:e-place C, which runs 
the full length of the fiimace, and are contained within the 
chamber or vault of fire-brick A, covered in by the arch B; 
beneath and up the sides of the pots are built a number of 
transverse and vertical partitions respectively, whereby the 
space along the length c^ the pots is divided into a number 
of transverse and vertical dues, so that the gases and pro- 
ducts of combustion from the fire circulate under and around 
the boxes before obtaining access to the flues D,D, and by 
the short chimneys E,E, with the interior of the dome F, 
which surmounts and encloses the whol& There are usually 
three of the short chimneys E along each side of the vault 
G is a man-hole in the brick end of the chamber or vault, 
large enough to admit of the entrance of a man to chax^ 
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the pots and draw titt Aeat after conversion is completed; 
this hole is placed immediately above the level of the top of 
the pots, and during the converting process is closely bricked 




s Cbkshtatioh 



np. Two small holes, called tap holes, are left in the ends of 
the fuma^ opposite to a corresponding hole in the end of 
each pot; th«ie ftre for the insertion of trUU or lap bar*. 
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placed so as to allow of iheir with- 
drawal Irom time to time as the 
conversion proceeds, to examine 
''^the progress of carhurization itt 
the bare. These fumaces are bnilt 
in rftQges of five or sis, or more 



that is, bars that 



The bars i 
cementation are from 2^ inches 
to 3 inches in width, g to ^ inch 
thick, and from 6 feet to 12 feet 
in length, hammered bars being 
generally preferred to rolled bars. 
The pot is charged by placing 
over the bottom of each a ^yer of 
amall nubs of charcoal, the char- 
Fig. 61. — PuLs or CoHTBRT- coal employed consisting of a mix- 
iHO FOBMAOB OS Line XY. ture in about equal proportions of 
fresh charcoal with that left from a previous charge, after 
the latter has been freed &om the fine dust, etc., 'which 
accompanies it on withdrawal from the pots; and charcoal 
from Uie harder woods, especially oak, is preferred; on this 
layer of about J inch in thickness is placed a layer of bars, 
with their flat sides downwards, allowance being mode both 
in length and breadth for their expansion on heating; over 
the bars again is placed another layer of charcoal, to the 
same depth as before, then a layer of bars, and so on, alter- 
nately charcoal and bars of iron, until the pots are filled, the 
last layer being charcoal The surface is then covered over 
with a thick coating of wheelswarf, a mixture of siliceous 
matter aud particles of steel, which collects as a kind of mud 
in the trough of grindstones, and which, under the heat oi 
the furnace, fuses or frits to a pasty mass of silicate of iron, 
etc., glazing over the surface and perfectly closing the con- 
tents <rf the pots from the air. The charge for each pot 
consists of from 12 to 16 tons of bars, thon^ in some oases 
the fumaces are capable of holding 30 tons of bars. When 
the furnace is charged, the man-hole is bricked up, the space 
around the trial bar carefully luted up with clay, and all other 
apfflrtuiea made air-tight; after which Uie fire is lighted, when 
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in about twenty-four hours the pots are at a red heat, and 
in about two days have attained the temperature necessary 
for conversion. The heat is now steadily maintained, and for 
this purpose a coal (as good white ash coal) which does not 
clinker, but bums uniformly and regularly, is required. The 
conversion is continued for a period of from seven to nine or 
ten days, according to the temper the converted bar is 
required to possess, the harder IJie temper the longer the 
process is required to be continued. The trial or tap bar is 
withdrawn from time to time, and from its appearance on 
fracture, the progress of the operation is judged. In the 
early stages of the process, or when the product would 
correspond to No. 1 temper or " spring heat," the tap bar 
on breaking shows a thin layer of white steely material, 
surrounding a nucleus of comparatively unaffected bar-iron 
or " sap," as it is called; while, as the process advances, the 
steely character of the surface gradually penetrates through the 
mass. In No. 4 temper or '* double shear heat," the fructure 
shows about equal proportions of an inner nucleus and of a 
crystalline steely exterior, though the demarcation between 
the two should not be sudden; if it be so, it indicates that 
the conversion is being carried on too rapidly. In No. 6 
temper or '' melting heat," the inner nucleus or kernel has 
entirely disappear^, and the conversion is completed; the 
change having taken place through the entire mass, the 
fibrous character of the fracture and blue colour due to bar- 
iron being entirely wanting. When the change is considered 
complete, according to the purpose for which the steel is 
required, that is, has attained the required temper, the fire 
is either drawn, or more usually allowed to bum out, and 
the furnace allowed to cool down duiing three or four days; 
the man-hole door is then taken down, and after an interval 
of two days longer, a man is able to enter and the with- 
drawal of the charge commences. 

The bars on withdrawal, instead of presenting the smooth 
surface and tough fibroiis fracture with the bluish colour of 
wrought-iron, present now a surface covered with protuber- 
ances or blisters, varying from the size of a pea to an inch in 
diameter; the bars are readily broken by the blow of a hand 
iuunmer, the fracture presenting «b cx^^^a^coi*^ «:^^<^Qarance, 
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and the bluisli tinge has become sensibly browner or yellower 
than in bar iron ; the specific gravity is also below that of 
the wrought-iron, and the total product has increased from 
one-half per cent, to three-fourths per cent, in weight. The 
bars are now known as " blister steel," or " converted bars.** 
Besides the changes in physical character just indicated, the 
metal has undergone a marked chemical change; for while 
the original bar-iron contained not more than *25 per cent, 
of carbon, the converted bar will contain from *5 to 1*5 per 
cent, of carbon, according to the length of time during wHch 
the heat was continued, and the carburization will not be 
confined to the surface but will extend quite through the 
mass of the bar. 

The origin of the blisters on the surface of the metal has 
not been clearly accounted for; possibly they may be due to 
the reduction of the oxide of iron contained in the basic 
silicate of iron, which is distributed more or less through the 
bar-iron as mechanically trapped slag, and which by contact 
with carbon at the temperature required for conversion, suffers 
reduction, when carbonic oxide would be evolved, which 
in its efforts to escape while the iron was in a soft condi- 
tion, might form the blisters on the surface. In the best 
bars the blisters are tolerably uniform in size, and distributed 
evenly over the siirface, while, if the blisters are irregular 
in size, and disposed in somewhat definite directions, then 
there has been a want of homogeneity and regularity in 
the bars employed. If air has obtained access to the bars 
during conversion, the bars are rough and have a skin of 
iron on their surface rendering them difficult to break; 
glazed bars show traces of fusion on their surface, from the 
temperature of the furnace having been too high. Aired 
and glazed bars are imfit for melting into best cast-steel, and 
require reconverting. 

191. Shear Steel. — If the blister steel be cut into suitable 
lengths, piled together, heated in a hollow coke fire to a 
welding heat, and forged into a solid bar under the hammer, 
the bar produced is then known as *' single shear steel;" and 
if this be cut into two parts or doubled upon itself, again 
welded in the same manner, and dravnv \iv\jci Xswc^^^*^ *^«a. 
forms /'double shear steeL" To ^^rev^tvVi ^iJwb ^dJ^waiyec. ^^^ 
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suffering oxidation and decarburization while in tlie fire, the 
pile or fagot is dusted over with powdered clay, or with sand 
and borax. The effect of the hammering of the pile or 
" fagots '* has been to render the blister steel (which is never 
homogeneous) more uniform in composition and texture, 
and has obliterated all the appearances of lamination which 
a bar of blister steel exhibits on fracture. 

192. Case-Hardening. — ^This is a process by which the 
surface of articles made of wrought-iron are superficially 
coated with a skin or layer of steel. The necessary carburiza- 
tion is effected after the article has received its finished form 
and dimensions, by heating it to bright redness andy if a 
small article, sprinkling powdered ferrocyanide of potassium 
over its surface, when the article is returned to the fire for a 
few minutes and then cooled by immersion in water; for 
giving a thicker coating, or for case-hardening larger articles, 
such bodies are placed in wrought-iron boxes, embedded in 
substances rich in carbon, as fragments of horns, bones, and 
leather cuttings; the box is then luted up so as to become air- 
tight, and is placed in a furnace where it is maintained at 
a red heat for about twelve hours, when the fire is allowed to 
bum out, the box removed, and its contents emptied out. 

193. Cast or Crucible Steel. — ^The blister steel prepared 
by cementation, however much it may be hammered or tilted, 
unless subsequently fused, is never homogeneous, want of 
homogeneity arising from the presence of mechanically mixed 
impurities, as slag, etc., in the original bar-iron, as also from 
irregularities and fluctuations in the temperature of the 
different parts of the chest or pot during conversion. 
Hence, for most purposes, the blister steel is subjected to 
fusion in crucibles, either alone or in conjunction with bar- 
iron, carbon, manganese ores, or speigeleisen, when the product 
is known as cast-atedy or homogeneous steel. Cast-steel is also 
largely prepared by the direct fusion of bar-iron with char- 
coal and oxide of manganeise or speigeleisen, in the manner 
subsequently described. 

The melting furnace is the name applied to the part of the 

building devoted to the melting and casting of the steel. The 

fumacea contain varioua numbers of "melting holes" or 

^'£rea,*' arranged along on.e or Ykj^JIdl »!a«& cJl ^te^inxr^aAe^ tbn 



CAST OR OfiDCIBLE STEEL, 219 

middle of the floor being occupied by tbe teeming Iiolsa, and 
ueceBSories for tbe pr^taration of the moulds for the reception 
of the melted metal. The teeming holes are rectangular holes 
about 3 feet long by 2 feet wide,and of varying deptlu, in which 
the ingot moulds are placed so as to allow <^ the adjustment 
of their height and inclination for convemencB in emptying 
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the contents of the pots or crucibles, technically, teeming of 
the metal; these holes are covered over with iron plates, 
making them level with the floor of the furnace when the 
teeming is not going on. The holes or fires E (fig. 52), are 
simple rectangular (Cambers of brickwork, about 3 feet from 
centre to cen^e of the partition walls; a wall, single brick in 
thickness, being the only brickwork separating the fires; but 
each of tliese '* holes" is lined with a coating some 6 inches 
in thickness, of a refractory materiial, as ''ganister ;'' for which 
purpose oval moulds, patterns, or templates of wood (whose 
major and minor diameters are 26 inches and 19 inches re- 
spectively) are prepared, placed on the fire-bars, when slightly 
moistened ganister is rammed down around them with an 
iron rammer; the pattern is then withdrawn, leaving an 
oval cavity £ capable of holding two pots or crucibles. The 
ends of the fire-bars rest upon bearers built in the brickwork, 
below the level of the roof of the cellar, and so, in case of 
running pots, etc., render the bars accessible for withdrawal 
from the cellar C. The fire is thus allowed to fall through 
into the ash-pit beneath the bars or grate, so as to permit of 
the extraction of the faulty crucible. Each fire has its own 
ash-pit as well as its own flue, D ; these flues are cai-ried up 
in groups of five or six together, to form a stack about 40 
feet in height ; and each one is carried down below the level 
of the grate-bars as shown, and opens into the ash-pit, allow- 
ing of a communication being opened or closed with it by the 
insertion or withdrawal of a brick from the opening M ; in 
this manner the draught of the fire can be regulated so as to 
enable the meUer to have the contents of all the pots or cru- 
cibles melted and ready for casting at the same time. The top 
of the melting hole formed by an iron plate is level with the 
furnace floor, and is closed by a cover F, consisting of a square 
wrought-iron frame, in which is inserted a slab or quany 
of fire-brick, about 2^ inches thick ; to the frame is attached 
a round iron bar or rod, inclining slightly upwards, and 
which forms the handle for the removal of the cover. Each 
fire holds two pots or crucibles, which are raised about 4 inches 
from the bars by placing each one on a rotmd stand of fire- 
brick, and when charged, the pots are covered with flat plates 
or lids made of a refractory material similar to the crucibles. 




The crucibles, vhich are made of mixtures of fire-cl&ys, 
with ground pots, and coke dust or plumbago, are from IG 
inches to 19 inches iu beigbt, 9 intdies in diameter at the 
widest part, and from 5 to 8 inches at tbe mouth; tbeir 
preparation has been described on page 22. Tbe pots — hot 
from the anneEiIing oven ^own OD 
p<ige 219, and wbicb is built at tbe end 
of the melting furnace — axe moved by 
smtSible tongs and placed on their own 
J Bt^nds in tbe fire or melting hole, a 
small quantity of live coals having 
been previously placed on tbe grate; 
the fire is then made up with coke 
le\el with tbe top of the pots, and 
the heat raised gradually, when in 
about half an hour they are ready for 
charging. From fig. 63 it will be ob- 
served that the crucibles, on leaving 
Fig. S3. — Appabatus the mould, have a bole through tbe 
Moployedia moulding i,ottom, and for tbe purpose of stop- 
ftl^T^X^'^t Pi^S this (on introducing tbe metal of 
ping; b, flask; e, trnn- the charge) a handful of sand is first 
iuonums;<j, eye-Btud thrown in, wbicb at tbe temperature 
»t the top of the plug, subsequently attained in the fire, frits 
and doses tbe bole, the heat at the same time attaching the 
crucible and stand together, so that on removing the orucible 
and melted metal from tbe fire, tbe stand is always brought out 
aloo. Each pot, if a good one, lasts one day c£ three rounds 
or melts, with charges of 50, 44, and 38 lbs. respectively. 

If tlie crucible charge consists of blister st«el, tbe metal is 
brc^en ap Into small pieces by the hammer, and tbe charge of 
from 50 lbs. to 60 lbs. of metal, sometimes with tbe addition 
of a varying amount of oxide of manganese, is introduced 
through a wrought-iron funnel-shaped charger into each pot; 
ihe lid is placed on the top of the crucible and the fires are 
then filled up with coke, wbicb bums off in from forty-five 
to fifty-fire minutes ; the fire is then pottered down to allow 
the coke to pass down to tbe bottom of tbe pots and again 
filed ; when this second fire has burnt off, the lids of the 
crucibles are turned oS, and the melter goes over the pots 
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inserting a rod of iron into them to ascertain if any 
portion of the metal is still unmelted, and gives instructions 
accordingly as to the quantity of coke that is to be added to 
each fire. 

K the molten steel be not allowed to remain long enough 
in the fire, it will throw out sparks or teem ^ery, and the 
ingot will be full of bubbles or holes (honeycombed), when 
the metal is said not to be killed ; if it remain too long in 
the fire it teems dead, and the ingot will be of inferior quality. 

The pots after teeming are conveyed back to the fires, when 
after the slag and clinker adhering about their bottoms and 
sides have been broken off by an iron bar, they are at once 
replaced in the hole ; after all the pots have been emptied 
and thus returned to their places, recharging commences; 
the second heat, as this melt is called, coming down much 
more quickly than the first ; for while the first heat occu- 
pied from four and a half to six hours, the second will be 
melted in about two and a half hours. 

The moulds in which the small ingots of steel are cast are 
of cast-iron, made in two halves to facilitate the removal of 
the ingot after casting ; the two halves are held together by 
rings and wedges, and before using each half of the mould is 
reeked, or covered with a layer of coal-tar soot on the inner 
surface, to prevent the adhesion of the fluid metal to the 
mould. When soft metal is cast, it rises or boils up after 
teeming before becoming solid, and a metal stopper is in- 
serted on the top to prevent this action ; if the metad be harder 
in temper, say containing about *6 per cent, of carbon and 
upwards, instead of rising, it will pipe, that is, the melted 
metal settles down, leaving, a hollow tube in the top of the 
ingot, which requires to be broken off (that is, the ingot is 
topped) before working under the hammer. If a large casting 
has to be made, the pots or crucibles are all first emptied into 
a ladle with a fire-clay plug in the bottom, by raising which 
the steel can be tapped from the ladle in a continuous stream 
into the required mould ; or, if the large ladle be not em- 
ployed, two or more teemers may be engaged at the mould 
emptying pots, so as to keep up a continuous stream of metal, 
men bringing up the pots with the assistance of harrows, and 
returning them when empty to the pullers out, who reinstate 



CAST OR CRUCIBLE 8TEEL. 223 

them in the fire. The barrows mentioned consist of a pair 
of teeming tongs, rather larger than usual, and mounted on a 
vertical pivot attached to the axle of a pair of wheels, so 
that a man receives the pot in the bowed jaws of the 
tongs, then pressing on the handle, the wheels acting as a 
fulcrum, the pot is raised from the ground, and in this 
position he then runs it forward to the mould. 

The process just described is that of making cast-steel hj 
melting blister steel or converted bars ; but the larger quan- 
tity of cast crucible steel is now made from unconverted bars, 
that is, from the bars of malleable iron direct, without the in- 
tervention of tlie process of converting or cementation. For 
this purpose the bars are cut by shears into pieces aboat ^ of 
an inch square, and charged into the pots in the manner last 
described, except that there is also added at the same time a 
quantity of charcoal varying in amoimt from half an ounce 
to eight ounces per charge, according to the temper of the 
steel to be produced; and after the second fire has burnt off, a 
quantity oi speigeleisen (the highly carburized and manganifer- 
ows pig-iron already described) is usually added, the operation 
in other respects being the same as that described in the last 
articla For the preparation of the softer or mildest tempers 
of steel, instead of adding the charcoal above mentioned, the 
melting is performed in hlach or plwmhago pots, that is, in 
crucibles containing a large amoimt of plumbago, with only 
sufficient fire-clay to give the necessary plasticity to the mix- 
ture. Steel melted in such pots obtains an amount of carbon 
from the material of the pots sufficient to convert the bar-iron 
into steel, with the addition only of from 1^ per cent, to 4 
per cent, of speigeleisen ; in other respects the operation is 
conducted as before. For steel that requires to be of a hard 
temper, but yet capable of welding easily to either itself or 
to iron, as for certain classes of cutlery, etc., the larger pro- 
portions of charcoal are added, with a few oimces of oxide of 
manganese, while the addition of speigeleisen is not then 
made. Charcoal prepared from the oak is preferable to that 
from the softer woods. 

Forthe manufacture of best crucible steel, Swedish bar-irons 
made from magnetic iron ores, practically free from sulphur 
and phosphorus, and smelted with charcoal, are preferred; 
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the irons made frcnn the ores in the district of Dannemors, in 
Sweden, being eqpedslly inized, and command acoordinglY 
hig^ prices in Hid market; ranking next are probabtytlm 
Persberg iionSy also SwedidL Eadi bar of Swedish iron is 
stamped with a letter or mark, ceded by the Swedish Gofvem- 
ment (and r^;istered by the Board of Trade) to the owners 
of the woiks where the iron is made ; the nnmber of these 
brands is accordin^y almost legion, and it will snffioe here 
to note a few of the more important Dannemora brands. 
Amongst the best marks are : — 

( L jhoop L, and OO double bnDet. 

^ Wand Crown/ F ^oop F, MiddU Damutmora Marts, 
UtUe S. ( I K) gridinm, Commo*i Danmemwa Marks, 
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Knmerons chemical phjfsics have been, and are still 
nsed in Sheffield for the improTement of cast-steel, or the 
manufacture of best-steel from inferior brands of iron; of 
such may be mentioned sal-ammoniac (NH^Cl), common 
salt (NaCl), common rock salt, nitrate of potash, chromate 
of potash, pmssiate of potash, iodide of potassium, fluorides 
(will be noticed as the ''Henderson" process), manganese 
now universally used, and numerous alloys of the rarer 
metals, of which something is said under the head of ''Alloys 
of Iron and Steel." 

The addition of iodide of potassium to the crucible charge 
constitutes the Sherman process^ and has for its object the 
removal of the sulphur and phosphorus from the iron, in 
virtue of the powerful affinity existing between these elements 
and iodine; chemical analyses and mechanical tests applied 
by the writer have failed, however, to show any decided 
advantage from its use. 

194. Melting in Beverberatory Furnaces. — The decar- 

burization of the steel and the corrosion of the furnace by 
the oxide of iron formed, have prevented the adoption of the 
ordinary reverberatory furnace for the melting of cast-steel; 
but in France, a series of chambers each holding several pots, 
and heated by the flame from the combustion of fuel on a 



wooTZ. 225 

separate fireplace, liave been used, the combustion being 
urged by a chimney aided by a blast introduced beneath the 
ffc&te. To overcome the difficulty of oxidation, etc., it has 
been proposed to effect the fusion under a slag of bottle glass, 
but with the use of solid fuels this process has never been 
successful. The furnace employed in the Siemens-Martin 
process is essentially a reverberatory furnace, with the appli- 
cation of gaseous fuel from the Siemens generator. 

195. Siemens' Melting Fnmace. — ^The Siemens regenerar 
tive gas furnace has been applied to the melting of cast-steel in 
crucibles, and is reported to effect a considerable saving in the 
item of fuel, three tons of coal slack distilled in his generators, 
and the gas therefrom subsequently consumed in conjunc- 
tion with his regenerators, melting an amount of steel which, 
ia the ordinary manner, required about seven tons of coke for 
its melting. The gas producer and the regenerators have been 
already described (pp. 62 and 174), and it is only necessary to 
add here, that to apply them to steel melting, the pots are 
placed in a chamber above the level of, and between the two 
series of regenerators, leaving an arched vault beneath the 
furnace bottom. The melting chambers are formed of brick- 
work arched horizontally and vertically, and strengthened by 
cross walls at intervals, and of sufficient length to contain 
24 pots or crucibles arranged in pairs; they are 3 feet 6 
inches wide at the bottom, and 2 feet wide at the opening 
along the top, which is closed or covered by loose fire-brick 
covers. The heated gases and air rise through the heated 
regenerators at one side of the chamber, and are drawn 
down through the regenerators at the opposite side by the 
draught produced by the stack with which they are con- 
nected; and by placing the pots on suitable platforms con- 
nected with mechanism in the vault or cave beneath the melt- 
ing chamber, they can be raised in groups from the furnace 
without the labour of removing the pots singly, thereby 
facilitating the casting of large ingots or masses of steel. 

196. Wootz. — ^The Hindoo steel which has received this 
name, is obtained by treating malleable iron in small unbaked 
crucibles, with 10 per cent, of its weight of the leaves and 
stems of the cassia auriculata, the charge of metal for each 
pot being a little over 1 lb. in. weight. The surface of the 

19—1. p 
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charge in the pot is covered by two smooth green leaves of 
the CLsclepis gigantea; the lid is then carefully luted on, and 
about twenty of the pots are then arranged so as to form an 
arch or dome over a small cavity made in the ground, one 
pot being removed for the insertion of the nozzle of a pair of 
very primitive bellows, and for the introduction of the chai-- 
coal fuel into the pit or recess. The heat is maintained for 
a period of from two to four hours, when on breaking the 
pots, a small cake of hard steel, presenting a series of stria- 
tions on its surface, is obtained from each pot. Wootz is 
stated to be a superior class of steel, but requiring great care 
in its working. In some specimens aluminum has been 
detected, but it is not considered to be an essential element 
of the Hindoo metaL 



DECARBURIZATION METHODS FOR THE PRODUCTION 

OF STEEL. 

197. Paddled Steel. — The conduct of this process is 
essentially the same as the ordinary puddling process for the 
conversion of pig into malleable iron, except that ^^<b fining 
is carried on more slowly, so that although the decarburiza- 
tion is not so complete as in ordinary puddling, still the 
process usually occupies a few minutes longer for its comple- 
tion. The slag in this process is required to be more fluid 
and less decarburizing than when malleable iron is to be 
produced, and hence the use of a pig-iron containing a large 
proportion of manganese, such as speigdeisenf is desirable 
for this process, the manganese forming a more fluid and 
less highly basic slag than when ferrous oxide with only a 
small quantity of manganous oxide foi*ms the basis of the slag. 

The operation is conducted in a puddling furnace difier- 
ing but slightly from the furnace employed for the production 
of malleable iron, the chief diflerences being, that the bed is 
smaller, the area of flue to grate is greater, as also the height 
of the bridge is some few inches greater than in the ordinary 
puddling furnace, whereby the grate contains an increased 
depth of fuel, and so enables the workman to TnainfiMTi a 
more powerfully reducing flame when such is reqidred. 

The charge of pig-iron is reduced into small pieces as 
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unifoim as possible in size, and from 3 to 4 cwt. is spread 
evenly over the bed of the furnace, a pretty strong heat being 
maintained so that it may melt rapidly without unnecessary 
oxidation; in this stage the temperature is higher than when 
wrought-iron is produced, and the charge is melted in from 
forty to fifty minutes; the damper is now closed imtil the 
metal thickens and begins to rise, when the mass is rabbled 
or stirred continuously,' the damper being carefully raised so 
as to maintain the charge thoroughly melted, the continued 
stirring keeping the mass unifomdy carburized by the con- 
tinual passage of the decarburized metal from the surface 
into the bath of metal below. In from thirty-five to forty 
ininutes from the commencement of stirring, floating granules 
of metal begin to appear, and from the appearance of these 
grains is afforded an indication of the quality of steel that is 
being produced; if the grains are white and brilliant, th6 
metal will probably be uniform and of good quality, but if 
large and flaky, the steel has a tendency to be coarse and 
inferior in quality. At this stage the haUing commences; 
the damper is again partially closed, whereby the temperature 
is reduced and the bed or hearth of the furnace is fllled with 
flame of a non-oxidizing character, which is essential in this 
part of the operation, otherwise either iron or steel with an 
insufficiency of carbon results. The balling operation re- 
quires considerable care and practical skill for its successful 
performance, and is eflected at a lower temperature than 
when balling wrought-iron; the balls also require hammer^ 
ing or shingling with greater care, and at a lower tem- 
perature than malleable iron, especially so if a hard or 
highly carburized steel has been produced. During the 
boiling sjudi fining stages of the operation, the mass presents 
the same appearance of jets of burning carbonic oxide which 
appears in the ordinary puddling process; the difference 
between the two processes consisting in stopping the pud- 
dling at a point before complete decarburization is effected, 
if steel is the product required. 

Mixtures of pig-irons are to be avoided in this process, 
since one kind of pig-iron might probably ^nc and come to 
nature, while the other remained quite fluid and highly 
carburized, notwithstanding the presistent stirring. 
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The process as at first introduced into England by Mr. R 
Bieppe and practised at the Mersey Steel and Iron Works, 
was conducted slightly different from the method above 
described; the charges were smaller, and when the metal 
began to fuse, forge or mill cinder was added, after which when 
the charge was Silly melted, a small quantity of a mixture 
of black oxide of manganese, clay, and common salt was 
added ; the temperature was iihen raised, and 40 lbs. of pig- 
iron was placed on beds of cinder near the fire-bridge, which, 
on beginning to melt, was raked down into the melted bath 
below, and ^oroughly mixed with it. Grains of steel then 
began to appear, when the temperature was reduced while 
the bath was rabbled beneath the layer of cinder, after which 
the balling was efiected as before with the damper closed. 

The Siemens' furnace has been applied to this process, 
effecting thereby a considerable saving in fueL Puddled 
steel, however, is never uniform, and from the intermixture 
of cinder, etc., requires re-melting before it can be applied to 
many purposes ; and it also welds imperfectly. 

The following analyses of the pig-iron employed, and the 
steel produced in this process, are by Schilling.* 



Graphite, - - - 

Combined Carbon, • 

Snlphur, - - - 
Phosphorus, 

SiHcon, - - - 
Manganese, 



Paddled Steel. 


Pig-Irou. 


• • • 


•08 


•94 per cent. 


2-60 


Trace. 


•09 


•075 „ „ 


•48 


•u „ „ 


•99 


•27 „ „ 


2^01 



It will be observed from these analyses that the change in 
composition from pig-iron to puddled steel, is exactly anala- 
gous to that which ^kes place in puddling for malleable iron, 
viz., a very considerable decrease occurs in the percentage of 
the whole of the elements— carbon, sulphur, phosphorus, 
silicon, and manganese — a result which, in I'egard to sulphur 
and phosphorus, contrasts strongly with the result when the 
same pig is treated in the Bessemer process, where these 
elements remain in the final product undiminished, or even 
concentrated. For the more perfect elimination of the 

* Bauerman, Metallurgy of Iron, 
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deleterious elements, autplitir and phocipliorm, during the 

Saddling and other ateel-making prooesseB, various phytiet 
ave been proposed for addition to the cliai^ at different 
stages; of such ore " Schafbautl'a powder," consisting of oxide 
of manganese and common salt, with a little potter's olay; 
while other mixtures contain carbon, chromato of potash, 
ferrocyanide of potassium, cyanogen compounds, et& 

In Westplialia,* puddled steel is rolled into pieces of ^ or j 
of an incHsquare, and sold in Hamburg under the name of /tuJta 
aleel; the some steel when hardened, is sold as HaHand atuL 
198. Heatoa Prooeaa. — In the Heaton or nitrate process 
for the prodnction of steel, the pig-iron is first converted by 
treatment with nitrate of soda into what he calls " crude 
steel," which product requires to be broken up and melted in 
crucibles for ^e production of cast-steeL The converter em- 
ployed, fig. 54, consists of a cylindrical wrought-iron cupola, 
surmounted by a cone, and terminating 
in a short vertical chimney; the whole 
is lined with refractory material, as 
fire-brick or fire-clay. The bottom, 
which is raised above the level of the 
fioor to allow of the introduction of a 
waggon or truck beneath it, is made 
movable and secured to the cupola by 
iron clamps. In conducting Uie pro- 
cess, nitrate of soda, forming about 10 
per cent, of the charge, sometimes 
Diixed with sand and air-slaked lim^ 
is first placed on the bottom C of the 
cupola, and prevented from at once 
floating up through the liquid metal by 
a closely-fitting cast-iron grate or per- 
forated plate B, which is placed upon it; 
the molten pig-iron is then introduced 
/through the opening A, when in about 
two minutest brown nitrous fumes 
rig. 6*.— Heatoh appear, succeeded by blackish, gi'Cy, and 
CowvEKTzB. then whitish fumes, and in about five or 
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BIX minutes the plate separating the iron from the nitrate of 
soda is melted, and a violent decomposition ensues accom- 
panied by an active ebullition and the emission of a bright 
yellow flame from the top of the chimney; this continues for 
about a minute and a half, when the action ceases, and the 
metal quietly subsides. The charge is not usually suffi- 
ciently fluid to be run out into moulds, so the bottom of the 
converter is detached and received into a truck beneath, 
when the product or cmde steel, along with the slag, is poured 
on to the iron floor; the metal is then broken into pieces of 
convenient sizes for piling and reheating, when, after shing- 
ling, the blooms are cut up, reheated, and rolled into bars, or, 
if required for the production of cast-steel, the blooms are 
hammered into flat cakes which are broken up^ sorted, and 
remelted in crucibles. 

Analyses of the pig-iron employed and the crude steel as 
received from the converter, show that the oxidation from 
the decomposition of the nitrate has had the eflect of remov- 
ing all but a trace of the silicon, while the carbon is partially 
removed, and what remains is wholly in the combined state. 
The following analyses, published by the late Dr. "W. A. 
Miller, F.KS., and Mr. Snelus, respectively, show that the 
phosphorus and sulphur are but imperfectly removed. 



ANALYSIS OP HEATON PRODUCTS (DR. W. A. MILLER, F.R.S.). 



« 


Pig-iron 
empluyed. 


Grade SteeL 


Carbon 

Silicon I 

Sulphur 

PhosDhoru3 


2-830 
2-950 
0113 
1-455 
0-041 
0-318 
.*• 

92-293 


1-800 
0-266 
0018 
0-298 
0039 
0-090 
0-319 
0-144 
97-026 


Arsenic 

Manganese 


Calcium 

Sodium 

Iron (difference) '. 


100-000 


100-000 
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ANALYSIS OP HEATON PRODUCTS (SNELUS). 



• 


Two brands of Pig- 
irou mixed together. 


Soft Crude 
Steel. 


Hard Crude 
SteeL 


Graphite 

Combined Carbon - - 

Silicon 

Sulphur 

Phosphorus - - - - 
Manganese - - - - 




1-098 

Trace. 
Trace. 
0-344 
0-072 


2-061 

0-014 
Trace. 
0-489 
0-064 


f ^ 

2*360 ( 0.^70 
0-446 { - ^^" 
2-006 1-959 
0034 Trace. 
0-446 0-558 
0-648 0-885 



199. Uchatius' Process. — ^This process, patented in 1855, 
depends for its success upon the decarburization of pig-iron 
by heating it with roasted ores of iron. For this purpose 
the pig-iron is melted in a cupola, and granulated by running 
the melted metal into cold water, by projecting it in globules, 
by allowing the melted metal to fall upon a horizontal re- 
volving disc or dash wheel, or any other method by which 
the pig-iron can be obtained in small particles. The granu- 
lated iron is heated in crucibles along with 20 per cent, of 
its weight of roasted pulverized oxide of iron or spathic iron 
ore, a little black oxide of manganese, and about 4 per 
cent, of fire-clay, this latter serving to form a slag with the 
extraneous matters of the ore. The spathic ore (carbonate 
of iron and manganese) is oxidized during roasting to ferric 
oxide, eta, which, in the crucible, is reduced by the carbon 
of the pig-iron whereby carbonic oxide is evolved and the 
charge of pig-iron in the crucible is decarburized. The 
product of cast-steel exceeds by about 6 per cent, the weight 
of the pig-iron employed. 

The finer the granulation of the pig-iron, the softer or 
milder is the temper of the steel produced; the temper is also 
regulated by the addition of small pieces of malleable ii*on if 
the temper is required to be lowered, or of charcoal if the 
metal is to be hardened. In Sweden this process is carried 
on successfully by melting pig-iron with certain Bispberg 
magnetic iron ores. In England, however, the uncertainty 
in the quality of the cast-steel produced has prevented its 
extensive introduction. 
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200. EUerhansen's Process. — ^This process is similar to 
the last, but differs in the manipulation. The pig-iron is 
run directly from the blast furnace along a spout into moulds 
formed on the circumference of a revolving table; at the 
same time, another spout delivers into these moulds finely 
divided hcematite, iron scmd or powdered magnetite^ the 
result being, that by revolving the table as each mould is 
filled, a series of pigs or blooms of pig-iron mixed with about 
15 per cent, of iron ore is obtained. These pig-hlooma are 
melted and puddled in the puddling furnace ; and it is stated 
that the metal in this condition is more easily puddled than 
ordinary pigs, giving also an increased yield of metal The 
process can be applied either to the production of malleable 
iron or steel, according to the degree of decarburization 
effected in the puddling process; but the method is not 
received with favour in England. 

Numerous other patents exist for the fusing of mixtures 
of pig-iron with special ores of iron, with substances as 
arsenious acid, nitre, etc. ; but the difficulty encountered in 
the whole of these processes appears to be the uncertainty of 
the quality and temper of the product. 

201. Henderson Process. — ^This process, known also as 
the Jluorine process, has for its object the removal of sulphiir, 
phosphorus, and silicon from pig-iron, by the action of fluor- 
ides upon the metal during its conversion into steel or 
malleable iron. In one modification of the process, a 
titaniferous pig-iron is first produced by fusing pig-iron 
such as that of the Cleveland district with titaniferous iron 
ore, and then charging this titaniferous pig upon the 
bed of a puddling furnace, the bottom of which has been 
covered with fluor spar (fluoride of calcium). The metal 
requires no rabbling, except for balling up the flnished 
product. 

In the second modification a mixture of 48 lbs. of fluor 
spar with 118 lbs. of titaniferous iron ore, both ground fine, is 
spread evenly over the bottom of the puddling furnace, and the 
charge of 475 lbs. of pig-iron placed thereon. The furnace, 
thus charged, is closed so as to prevent the access of air, and 
the temperature is raised aa lai^b. ^ ^ssible; after a lapse of 
seventy minutes samples are takeiv ixowi ^<5i "W3a. «^^r^ few 
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minutes to ascertain the progress of the conversion, and in 
about an hour and a half the operation is completed. The 
metal should not be stirred or rabbled during the conversion, 
since the mixture of fluor spar and titaniferous iron ore is 
only rendered viscous, and not perfectly fluid, by the heat 
attained in the furnace; and if stirring be not resorted to, it 
will remain on the bottom of the furnace, where the fluor 
spar will be decomposed by the reaction upon it of the silicon 
and other elements of the pig-iron. 

202. Parry's Proce8& — Mr. Parry states that the ordinary 
puddling process effects the removal of about 75 per cent, of 
the phosphorus, and from 65 to 70 per cent, of the sulphur 
present in the original pig-iron ; hence by repeating the 
puddling operation upon the malleable iron first produced, 
further reductions in like proportions will be made in the 
residue of sulphur and phosphorus remaining in the malleable 
iron, and the ttoice puddled products will therefore be prac- 
tically free from these noxious element& If necessary, the 
conversion into pig-iron and re-pudcUing may be repeated a 
third time, each convei*8ion being attended with a diminution 
in the amount of the sulphur and phosphorus present 
in the product. Mr. Parry therefore proposed — 1, to re* 
convert wrought-iron scrap (that is, pig-iron that has been 
subjected to the puddling operation) into pig-iron, with- 
out the introduction of any further amount of sulphur or 
of phosphorus ; and 2, to re-puddle this product. The 
i-econversion into pig-iron is eflected in a cupola or blast 
furnace, the increased temperature necessary for the 
recarburization being attaint by inclining one or more 
of the twyers, at an angle of 30^ or 35^ downwards The 
cupola charges consist of about 7 cwt. of coke per ton of iron, 
with sufficient lime to flux the ash of the coke. The fur- 
nace must be kept filled during the melting, otherwise an 
insufficient amount of carbon will be taken up, about 2 per 
cent, being necessary to produce the boil in the puddling 
furnace, and to this extent the wrought-iron must be car- 
burized. The metal from the furnace is tapped in the usual 
manner into pigs, which are puddled in an ordinary fiimace 
and rolled into merchant bare in the wsra^X. x[\ax^i!L<s£« ^^^^qa 
product is called purified vyrou^ght-ironH, 
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For making hard steel, 3[r. Parry repeats the cubanzft- 
iifm jast described, except that the amoant of octe used is 
reduced from 7 cwt, to 4 or 44^ cwt. per tcm of mebd, and 
the nze of the nozzles of the twyers is siightJj incrased. 
For ihe production of soft or mild steel, the n^tal soobtuned 
is ran out into an oral-shaped ressel <h- reoeirer of wioo^ 
iron, lined with a mixture of clay and sand, and ocHinected 
with a blowing apparatus for passing air thiou^ the mass; 
after a few minutes' exposure to the blast, the temper of the 
metal is sufficiently reduced, and it is run out frcHn the tap- 
hole in the bottom of the vessel into ingots or other forms. 

203. Kalleable Cast-iron. — The operation of conTerting 
the surface of articles of cast-iron into malleable iron car soft 
steel, is a process analagous to the oementati<Mi of steel, 
except that instead of carbon, the cement powder oonsiats of 
powdered peroxides of iron, a decarburizing materiaL The 
object of the process is to partially remove the carbon, 
sulphur, silicon, and manganese from the sur&ce of articles 
made of cast-iron, and so impart to them the strength and 
softness of malleable iron or mild steel; for this purpose the 
articles are cast in moulds in the nsual manner, the iron 
preferred for the purpose being charcoal pig smelted from red 
D»matites, and the castiogs so produced are then packed 
into suitable boxes or crucibles, with powdered red haematite. 
A num1:)er of these crucibles are arranged in a rectangular 
furnace chamber, and the heat gradually raised, when in 
about twenty-four hours the whole contents of the furnace 
are at a red heat; the heat is then continued for from three 
to seven days, according to the size of articles, and the extent 
or depth to which it is desired that the decarburization shall 
penetrate. 

Malleable cast-iron cannot be welded or worked when 
heated, since there remains an inner nucleus or kernel of cast- 
iron, which, melting below the welding heat of steel, causes 
the object to fall to pieces at the stroke of the hammer; the 
surfaces may, however, be readily brazed together and, in 
the cold state, the castings may be hammered to a certain 
extent, or can be £led or fitted as articles of malleable iron. 
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PRODUCTION OP open-hearth STEEL BY THE FUSION OF 
PIG-IRON WITH MALLEABLE IRON OR STEEL SCRAP ; OR 
OF. PIG-IRON WITH IRON-ORES. 

The open-hearth steel processes embrace, firstly, the 
Siemens-Martin process, as pursued most largely on the Con- 
tinent, and by which steel is produced by the fusion of pig- 
iron with steel scrap upon the hearth of the Siemens' re- 
generative gas furnace. Secondly, the Siemens* direct open- 
hearth or ore process in which pig-iron is decarburized and 
steel produced, by the addition of certain pure iron-ores to 
the bath of molten pig-iron on the furnace hearth ; and 
lastly, the combination of the two above-mentioned pro- 
cesses, in which pig-iron, scrdp steel, and irorirores, are all 
added to the furnace in the manner subsequently to be 
described. 

204. The Siemens' Open-Hearth Steel-Melting Furnace. 
— This furnace is employed in the production of open-hearth 
steel, by whichever of the above modifications it is produced. 
The furnace, figs. 55, 56, has a bed B which slopes from all 
sides towards the tap-hole K. The bed is supported upon cast- 
ii-on bed-plates and bearers which are kept cool by the -free 
circulation of air beneath them. The regenerators, A, A, G, G, 
for heating the air and gas respectively, are placed transversely 
beneath the bed of the furnace. The roof d of the furnace 
usually dips from either end towards the centre, so as to deflect 
the flame more strongly down upon the bath of molten metal 
on the hearth ; but this construction of roof is not always 
observed, and an ordinary flat arched roof may be adopted. 
The two ends of the hearth are built quite sjrmmetrically 
with respect to the hearth, and are, like the reheating (p. 199) 
and puddling furnaces (p. 174), provided at each end with 
openings or poi*ts, &, h, communicating by suitable passages 
with the regeneratoi*s G, G, and through these the gas is 
admitted to the furnace ; whilst above and generally behind 
these are three other ports, for the admission of the heated 
air from the regenerators A, A. In the front or working side 
there are three dooi*s n, of which the two outer or end ones, 
are used for the introduction of the charge of pig-iron and of 
scrap, whilst the central one, placed a little lower than the 
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other two, serves as the working door of the furnace, for the 
rabbling, eta, of the charge, and the introduction of iron-ore, 
limestone, flux, eta, when such are required. The plates at 
the back, or tapping side of the furnace, ai*e usually provided 
with three openings, but these are ordinaiily bricked up, and 
only used as may be required for the repair of the bottom, 
etc. The furnace is supported externally by plates, buck- 
staves, and tie-rods, after the usual manner of reverberatory 
furnace construction. The roof and ports of the furnace are 
built of the most refractory silica or Dinas' bricks; and 
since such bricks expand very considerably on heating, it is 
necessary to supply springs or nuts to the ends of the tie- 
rods which pass over the roof of the furnace, the nuts being 
screwed back as the furnace is first heated up, so as to 
allow of the expansion of the bricks without materially 
altering the form of the roof, otherwise the roof rises and 
becomes distorted by the expansion. The bottom or bath 
plates of the furnace hearth, are lined with a single course of 
lira bricks, upon which, when the furnace has been heated 
up, the working bottom, B, of a line quartzose sand, is 
made by introducing successive layers of sand of about one 
inch in thickness, and allowing each layer to slightly vitrify 
or glaze on the surface, before another layer is added. These 
furnaces are supplied with gas from the Siemens, the Wilson, 
or other gas-producer, and the supply is i*egulated by mush- 
room valves fitted to each furnace, whilst the arrangement 
of flap valves, already described (p. 175), is applied to the gas 
and air culverts for reversing the direction of the current of 
gases and air from one end of the furnace to the other, as 
required for heating up the regenerators, and so maintaining 
H high initial temperature of the gas and air as they enter 
the furnace. Each furnace, or every pair of furnaces, is 
usually supplied with its own stack for promoting the neces- 
sary draught required to draw the waste gases downwards, 
from the hearth and through the regenerators. 

These furnaces are built of sizes which are capable of melt- 
ing from 6 tons to 15 or 20 tons of steel at a single charge. 

The molten steel is received from the tap-hole, K, into a 
suitable ladle, similar to the Bessemer ladle described (p. 249), 
and the casting ari-angements are similar to those described 
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for the Bessemer process, but special devices are also adopted 
for emptying the ladle into the moulds, according to the size 
of the ingots to be produced and other local requirements. 

205. Siemens-Martin Steel Process. — By this process, 
open-hearth, or Siemens -Martin steel, is produced by the 
melting of wrought-iron, or steel scrap of various kinds in a 
bath of molten pig-iron. The fusion is most generally 
effected in the Siemens' regenerative furnace last described, 
but the Pemot revolving, and other similar furnaces, are 
also occasionally employed for this purpose. 

The furnace having just tapped out its charge of steel, the 
fiand bottom always requires more or less repairs, for which 
purpose dry sand is introduced as required to level up any 
hollows that may have been formed, after which the charge of 
cold pig-iron and scrap is introduced. The pig is first distri- 
buted over the bottom of the furnace, and the scrap is then 
placed upon it, the larger pieces of scrap being generally placed 
on the bank or higher part of the hearth, near to the ports of 
the furnace at the two ends, so that in this manner the scrap 
becomes thoroughly heated before.it is rolled down into the 
bath of fluid pig-iron, which first collects on the hearth. 

The proportion of pig-iron to scrap in the charge, varies 
with the supplies of scrap which are available, but generally 
from 15 per cent, to 20 per cent, of the charge consists of grey 
Bessemer pig-iron, although white or mottled haematite iron is 
also frequently used in this process ; the remainder of the 
charge consists usually of various Bessemer or Siemens steel 
scrap, borings, shearings, crop ends of rails and bars, eta A 
charge of 7 or 8 tons, made up in this manner, is all melted 
down in about four hours, during which period an oxidizing 
flame is maintained in the furnace, and the gas and air 
valves are each reversed at regular intervals of about thirty 
minutes. Sampling of the metal and examination of the slag, 
is then made at intervals, for which purpose specimens of the 
metal are withdrawn from the furnace, by means of a small iron 
ladle or spoon, the samples are cooled in water, then hammered 
and broken, so as to judge of the malleability and fractui-e of 
the metal. Towards the end of the process (as the toughness 
and malleability of the specimens increase, indicating an 
^uoDToaxih. to the desired degree of decarburization), chemi- 
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cal analyses are ako rapidly made for the determination of 
the carbon in the metal by the colour test. When the desired 
decarburization has been attained, about 1 per cent, of 
speigeleisen, containing from 10 to 20 per cent, of man- 
ganese, along with a like amount of ferromanganese contain- 
ing from 60 to 80 per cent, of manganese, is added to the 
bath ; but the total amounts, as also the proportions of these 
recarbiirizing and manganiferous additions, depends upon 
the temper of the metal to be produced. The speigeleisen 
and ferromanganese melt in a few minutes, during which 
period the bath is stirred or rabbled, in order to effect a 
thorough mixture of the recarburizing materials with the 
bath of metal ; and after standing for a few minutes further, 
for the better separation of the slag, etc., the metal is 
tapped out from the fumaca 

In order to tap the furnace, the sand near the tap-hole is 
first drawn out with a bar, and finally a pointed bar is driven 
through the hard crust which forms on the inner surface of the 
furnace bottom, and on withdrawing this bar the molten metal 
follows, and is received in a heated ladle, previously prepared 
and which is standing beneath the spout for its reception. 
The ladle is then passed in succession over the several ingot 
moulds, arranged either in a circular or a straight pit, and 
the metal is tapped from the ladle, through the nozzle in its 
bottom, into the several moulds in succession. The ingots 
are i3ien stoppered by throwing sand on the surface of the 
metal, placing iron plates upon this, and wedging down the 
same with suitable wedges; or, instead of this, loosely fitting 
iron stoppers are inserted into the several moulds, and sand 
is thrown upon the top of the same. 

A charge of 8 tons is usually worked off by this process in 
about seven hours, while anether hour is occupied in tapping, 
repairing the furnace, and the preparations for re-charging ; 
but the total number of charges worked off per week from 
each furnace varies with the temper of the metal and with 
the condition of the furnace. 

The yield of steel is from 5 to 8 per cent, less than the 
combined weights of pig-iron and scrap charged into the 
furnace. 

It was a former practice to supply pockets, or auxiliary 
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heating apparatus, for heating the scrap before introducing 
it on to the hearth of the melting furnace, but this pro- 
cedure is not now generally pursued, the whole charge being 
introduced into the furnace in the cold state. 

206. Siemens' Open-hearth Steel Process. — Like tbe 

Siemens-Martin or scrap process, the Siemens' open-hearth 
steel process is conducted in the open-hearth regenerative gas 
furnace (p. 236); but, unlike the Siemens-Martin process, it 
employs rich Algerian or Spanish hsematite iron ores, as a 
principal decarburizing agent In the Siemens process the 
charge, consisting either of pig-iron alone, or, as is usually 
more convenient, of haematite pig-iron and steel-scrap, in the 
proportion of about 30 per cent, of the former to 70 j>er cent, 
of the latter, is charged and melted upon the hearth of the 
furnace, after which from 15 per cent, to 20 per cent, of 
Elba, Mockta, Sommorostra, Marabella, 6r other pure red 
haematite iron ore, in lumps, is gradually added to the molten 
charge. A little limestone is also added, as may be required, 
to produce sufficient slag to cover the surface of the bath of 
molten metal, and also to prevent the loss, as far as possible, 
of the iron which would otherwise escape as ferrous silicate 
into the slag. 

The conduct of the Siemens process is similar to that 
already described for the Siemens-Martin process, that is, 
the furnace being hot and the bottom having been repaired, 
the charge of pig-iron is first introduced and distributed over 
the hearth, while the scrapnsteel is placed upon the pig-iron. 
The charge is then melted down, the oxidation of the im- 
purities proceeding as described in the last process; but the 
decarburization is further promoted, after the completion of 
the melting-down stage, by throwing into the bath of molten 
metal such iron ores as those above mentioned, which ores 
should be as free as possible from phosphorus, or sulphur and 
sulphates. Each addition of ore at once throws the bath into 
a state of violent ebullition, due partly to the escape of mois- 
ture from the ore, but more largely from the evolution of car- 
bonic oxide, as the result of the oxidation of the carbon in the 
pig-iron, and the reduction of iron from the ore. Samples of 
the metal are withdrawn at frequent intervals and tested for 
malleability, toughness, and for ciiibon, exactly after the 
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manner described in the Siemens-Martin process, and either 
more ore, pig-iron, or scrap is added to the bath, according 
as the decarburization is incomplete or has been carried 
too far. 

When the charge has reached the required degree of de- 
carburization, the metal is allowed to stand for a few minutes 
tranquil in the furnace for the separation of slag. The 
speigeleisen or ferromanganese, or a mixture of the two, is then 
added as required, to produce the necessary recarburization of 
the metal. But for the production of very soft qualities of 
Siemens steel, no manganiferous alloy or speigeleisen is added 
to the furnace, the recarburization being effected entirely by 
the addition of from | cwt. to 1 J cwt. of red-hot ferroman- 
ganese to the ladle as the metal runs into the same from the 
furnace. The tapping and casting aiTangements do not differ 
from those already described for the Siemens furnace. 

The duration of the Siemens process is usually from nine 
to eleven hours, or is a little longer than the scrap process 
for the same weight of charge, whilst the coiTosion of the 
sides of the hearth and of the ports, is greater in this than 
with the Siemens-Martin process. The yield also of this, 
which is frequently also spoken of as the ore process, usu- 
ally exceeds by 1 per cent, or 2 per cent, the total amount 
of pig-iron and scrap charged into the furnace, owing to 
the reduction and addition thereby to the charge, of about 
one-half of the iron contained in the ores which are used in 
the decarburization of the pig-iron. The consumption of 
fuel in the gas-producers amounts to from 11 cwt. to 14 cwt. 
of small coal to the ton of steel produced. 

207. Beactions in the Open-Hearth Steel Process. — ^The 

open-hearth steel process, like the Bessemer process, proceeds 
first to almost totally decarburize the metal of the charge, and 
then to recarburize the same to the degree corresponding to 
the required temper, by the addition of speigeleisen or of ferro- 
manganese. These substances introduce into the steel, how- 
ever, besides carbon, iron, and manganese, also small propor- 
tions of sulphur, silicon, phosphorus, and copper, which ai'e 
always present in these highly maganiferous bodies, but the 
use of ferromanganese instead of speigeleisen reduces to a 
minimum the proportion of the last-mentioned elements sp 
19—1. q 
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introduced, owing to the smaller weight of ferromanganese 
which it is necessary to use. 

In the first or melting down stage of the open-hearth pro- 
cesses, silicon, manganese, and carbon are all more or less 
oxidized, so that at the end of this period about one-half of 
the proportion of these elements originally present in the 
charge has been removed — ^the two first mentioned in the 
slags. In the second stage, which lasts from three to four hours, 
the molten metal lies tranquil on the hearth, and during this 
period the silicon and manganese are being principally oxi- 
dized, for the carbon is not materially reduced untU the 
proportion of silicon in the metal has been reduced to about 
0'02 percent. The third stage or boil ensues, and it is attended 
by an appearance of ebulition, resulting as previously stated, 
from the escape of carbonic oxide, which bums in blue jets over 
the surface of the metal. The boil continues until the carbon 
has fallen to about 0*1 per cent when the bath again becomes 
tranquil. The slag also, which has hitherto been of a brown 
colour, begins towards the end of the process to blacken, 
owing to the oxidation and waste of a little iron, which thus 
escapes as ferrous silicate into the slag. 

In the ordinary or silica-lined furnace, there is little if any 
separation of either sulphur or phosphorus during the pro- 
duction of the steel, and hence, as before mentioned, only 
such pig-irons as are low in these elements are available ; but 
in a furnace lined with basic materials such as bauxite, 
magnesite, or calcined dolomite and coal tar^ coupled with a 
tolerably free addition of lime to the charge, then the sulphur 
and phosphorus can be removed and it becomes possible to 
employ inferior pig-irons. Large proportions of manganese 
in the pig-iron also prolong the duration of the decarburization 
stage of the process, besides rendering the charge more corro- 
sive in its action upon the lining of the furnace. Pig-iron, 
which is low in carbon and silicon, is preferred for the open- 
hearth processes, since then the time required for fining is 
shortened, and also a superior metal is generally produced, 
but in all cases a mixture of several brands of iron is advan- 
tageona for the production of a uniform quality of metal. 

208. Use of Blast in tliB Qi^eu-Kearth Processes.— It has 
been proposed to use a \)\asfe ol «mc at «Xft»KSi^lQic the more 
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rapid oxidation of the silicon and manganese daring the 
earlier stages of the open hearth process, which immediately 
follow the melting down of the charge, whilst completing the 
last stages of the decarburization in the regular manner 
without any blast In some of the continental works this 
is effected by structural alterations of the furnace, or in 
others, more simply by the use of a hollow rabble with the 
ordinary Siemens open-hearth melting furnace. The latter 
method, as carried on at Huhrort, consists simply of an iron 
pipe and nozzles coated with clay, one end of the pipe being 
coupled by india-rubber connections with a pipe from the 
blowing apparatus, whilst the other end of the rabble 
(which is introduced through the furnace door) is connected 
with three nozzles or twyers of about 1 inch in dia- 
meter, and each of which delivers three jets of air into the 
bath of metal. The twyers are bent downwards from the pipe, 
so that when the apparatus has been introduced into the fur- 
nace, the blast is turned on, and the pipe or rabble is then 
twisted so as to insert the twyers below the surface of the 
metal, whereupon an action similar to that of the Bessemer 
process ensues, which is attended in like manner with a con- 
siderable rise in the temperature of the metal upon the hearth. 
In this manner the silicon and manganese are largely and 
quickly removed, after which the blast apparatus is with- 
drawn, and the completion of the decarburization is then 
effected after the usual manner. This combined open-hearth 
and Bessemer process, while shortening the total duration of 
the process, allows of the same desirable examination of the 
final product, as is possible with the normally conducted 
open-hearth processes. Practical difficulties in the conduct 
of the compound Bessemer and- Siemens process have, how- 
ever, prevented any general introduction of it. 

209. Pernot Bevolving Furnace. — For the conduct of 
the open-hearth steel processes, revolving furnaces such as 
the Pernot and the Ponsard furnace (p. 199), are in use in 
some of the continental works, but the writer is not aware 
of any English works where these furnaces are now in suc- 
cessful operation. 

The Pernot furnace has a revolvini^ \ie«xyi)cL q^ Sx^sasL'V Vt?^ 
to 14 feet in diameter, and abouti ft \xis^i«ft ^t ^ vdi.^«»'"^s^ 
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depth. The hearth is mounted on wheels and is inclined at 
an angle of about 6"^ to the horizontal, so that as the molten 
charge lies on the lower part of the hearth, nearly one-half of 
the upper portion of the bottom is uncovered, and is being 
heated by the flame, whereby the bottom does not chill the 
metal as it passes in the course of its revolution to the lowest 
position, and so beneath the bath of molten metal. The hearth 
is revolved at the rate of about four revolutions per minute, 
at which rate it is driven by mechanism applied to the under 
side of the furnace bottom. As the hearth revolves with a 
newly introduced charge, the lumps of scrap are carried 
partially around with the hearth and then roll back into the 
fluid bath; in which manner fresh surfaces of the charge 
are being constantly exposed to the action of the heat, and 
melting down proceeds with a proportionately increased 
rapidity, whereby the smaller furnaces working upon 8 ton 
charges are able to work off (by the Siemens-Martin process) 
from three to four charges of soft metal, or from four to five 
charges of hard metal, during the turn of twenty-four hours, 
whilst the larger 20 ton furnaces melt two charges in the 
twenty-four hours. 

PRODUCTION OF STEEL BY THE PNEUMATIC OR BESSEMER 

PROCESS. 

The pneumatic or Bessemer process consists in the decar- 
hurization and fining of pig-iron by the blowing of atmos- 
pheric air through the molten metal, and then recarburizing 
the same for the production of steel by the addition of speigel- 
eisen or of ferromanganese ; the heat developed by the com- 
bustion and oxidation of the carbon, silicon, and manganese 
of the pig-iron, being sufficient to maintain the charge in 
a perfect state of fluidity, during the continuance of the 
process. 

The original Bessemer process, as conducted in a ganister 

(silicioua) lined converter, does not effect the elimination of 

either sulphur or phosphorus from the pig-iron ; but by the 

modi&csitiOQ. introduced by Messrs. Thomas & Gilchrist, 

according to which the "Beaaem^T process is conducted in a 

dcist'c (dolomitic) lined converter, \\. V% ^%^Mfe \.q eliminate 
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the above-named elements, and so to use an inferior or 
Cleveland phosphoric pig-iron for the production of steeL 
Accordingly, the description of the Bessemer process and of 
Bessen^er steel given throughout the present chapter has 
reference to the original Bessemer process, as conducted in a 
silicions or acid lined converter ; but the similar process only 
carried on in a converter, or vessel lined with a basic ma- 
terial, such as dolomite, will be subsequently described as the 
Basic Process, and the product as Basic SteeL 

210. Bessemer Process. — In this process the conversion 
of pig-iron into malleable iron or steel is effected wholly by 
the direct chemical action of atmospheric air upon molten 
pig-iron, and without the intervention of those reactions 
between the elements of the pig-iron and the oxides of iron 
and manganese which take place in the decarburization 
of pig-iron by the operation of puddling, which reactions 
appear necessary for the elimination of the elements, sulphur, 
phosphorus and copper, from the product; for, whereas, 
in the puddling operation, these elements are removed to 
the extent of about 75 per cent, of the amount present in the 
pig-iron, in the Bessemer process they are scarcely if at ail 
affected; the percentage of sulphur in the Bessemer metal 
being but little reduced, while the amount of phosphorus is 
slightly in excess of that contained in the original pig-iron 
employed: not that the total amount of phosphorus has 
absolutely increased, but it has increased relatively, since a 
considerable amount of the impurities, as carbon and silicon, 
as also of manganese, are removed from the pig metal by the 
process, leaving a proportionately smaller amount of iron for 
combination with the phosphorus, etc. The carbon and 
silicon are almost entirely burnt out during the conversion; 
the manganese also is eliminated from the product, but its 
presence in the pig-iron, in the first instance, is advantageous 
for the production of a superior metal, since, so long as any 
manganese remains unoxidized, only a very small proportion 
of iron is oxidized by the blast; any excess of oxygen intro- 
duced being applied to the conversion of the manganese into 
manganous oxide, which then combines with the silica, from 
the silicon of the metal or silicious lining of the conve.\tfeT^V^^5a. 
the formation of a readily fusible slag. "Eroxci >utk!es^^ <:^^>^^'r^^vsw^ 
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H IB obvicnui that the method can only be applied to the 
workiog of tJiose qualities of pig-iron that are practically free 
from oolphur, phoephonui, and copper; of Buch are the irocB 
smelted &om htematites and magnetic ores, the demand 
fbr which class of ore has given an impetus to the mining 
and metalluigical industries of the North of England unpre- 
cedented in tlie annals of any other mining district, the 
Cumberland hnmatites being in ^)ecial demand for conver- 
sion into steel by the Bessemer process. 

In the earlier patents of Mr. Bessemer, ho proposes to 
force air or steam, or air and steam, amongst the particles of 
molten pig-iron until the metal has acquired the malleability 
and other qualities of steel; for this purpose he introduce 
tiie blaat &om the top of his converting vessel by a tube or 
hc^ow rabble passing towards the bottom of the vessel, 
whereas, at the present time, the blast is introduced by a 
number of twjexa through 
the bottom of IJie converter, 
the air passing upwards 
through the mass of molten 
metaL The use of steam, it 
is scarcely necessary to re- 
mark, is impracticable, since 
the cooling ^ect, due to the 
large absorption of heat oc- 
curring &om the decomposi- 
tion of the steam on its 
passage throngh the fluid 
pig-iron, rapidly solidifies 
the chai^ instead of raising 
the temperature of tlie metal 
to the high degree necessaiy 
for the Bessemer blow, aa 
occurs when air alone is simi- 
larly passed through the 
molten, mass. 

The Bessemer converter or 

bich the blow is 

conducted, has tbe form shown 




Pig. E7. — SiDB Elbvation __ 

THE BKSBEMBft VESSEL OR CON- Vessd, 
VXBTBR. 



in £g. 57, iJie neck or moutb mc\\mR^ oiec at an angle c^ 
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about 30° to the body of the converter, so that the flame and 
sparks are directed away from the workman and the casting- 
pit to be subsequently mentioned; also the position of the 
mouth prevents, to a very considerable degree, the ejection 
of the molten metal, which would otherwise occur during the 
violent disturbance attendant upon the blowing of the charga 
The size of the mouth is also of importance, for if too large 
it is attended with a loss of heat, and part of the converted 
metal is apt to solidify upon, or coat the surface of the 
vessel; and if too small, an undue back pressure results, 
and the operation is retarded. The vessels are made of 
sizes capable of blowing or converting from 3 to 10 tons 
of metal at each charge, and are willed respectively, 3, 
4, 5 — 10 ton converters. A 6-ton converter is about 8 
feet in height, and 12 feet 6 inches in diameter outside. 
The converter is formed of an outer skin or shell of wrought- 
iron plates, |^, f , and ^ inch in thickness, riveted together, and 
lined in the inside with 10 or 12 inches in thickness of a 
most refractory material, usually "ganister," or a layer of 
fire-brick may be first built in the outer shell, and this 
covered to a depth of a few inches with ganister. In order to 
line the converter, the ganister is ground to a tolerably fine 
powder, and either used alone or mixed with a small quantity 
of powdered fire-brick; the twyer box A, and the plates 
forming the bottom of the converter are removed, when the 
mouth of the vessel is closed by a piece of wood, and then 
turning the converter mouth downwards, a wooden core of 
the internal size of the converter is introduced, and the 
moistened ganister rammed well in between the shell of the 
converter and this core, after which the latter is withdrawn. 
The bottom of the converter is connected with the body of 
the vessel by bolts and cotters, its inner surface being made 
flat, as shown, and it is penetrated by from seven to twelve 
(according to the size of converter) conical clay twyers a, a, 
fig. 58, which in a 6-ton converter are 20 inches in length, 
and each containing twelve holes or apertures for the 
admission of the blast to the converter. The twyers are 
introduced from the lower side or twyer box, and carefully 
luted around to prevent the escape oi infe\»\. m\,Q ^^ ^"^yRj^k ^ 
The bottom plate of the box A ia rea^VY^ iceovci^^vi^^ *^'Q«t 
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obtaining access to the twyem, each of wliicli is held np m 
its position by a stop or horizontal arm 6, capable pf rotation 
to one side when it is necessary to withdraw and replace any 
one of the twyer bricks. The twyer box or air chamber is 
connected by ^ curved pipe e, elliptical in section, with the 
hollow tnmnion K of the converter, and so with the blow- 
ing apparatus. A stout belt, hoop, or trunnion of wrought- 
iron, is placed around the body of the converter, the arms 




V^ 68- 



of which rest upon bearmga m the cast-iron, standards 
D, one arm E of this trunnion is hollow, and connected 
by suitable valves with the blowing cylinders; the other 
arm is solid, and to this is keyed a spur pinion e, which works 
into a vertical rack d actuated by a hydraulic piston or ram 
placed below, and which is under the control of the workman 
(vesaclman) — the converter being capable of rotation in a 
vertical plane through an angle of 180". Formerly, it was 
the practice to make the bleat voXciifiBXAfi, ta thwb when 
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the blow was over, &nd the veasehnan turned down the 
converter for discharging its contents, the trunnion in its 
rerolataoa closed the -vaive connected with the blast; this 
mechanism is, however, liable to derangement, and 4^e blast 
is now generally shut off by an independent valve. When 
the converter is vertical, its mouth is directed towards an 
open rectangular space, or to a hood for min g the bottom of 
a kind of stack, which takea away the gases and sparks 
thrown out from the converter during the blow. 

It is usual in Bessemer steel works to place the convertei'a 
in paiia, either on the same or opposite sides of a caating- 
pit, a small cupola or wind furnace being situated between 
the two for melting the charge of speigel to be added at the 
end of the blow. The cupola is raised sufficiently high to 
allow the speigel to be tapped directly from the furnace, into 
an iron trough lined with sand and which leads to either con- 
verter, or so that the speigel maybe firsttappedintoaladlfi and 
weighed before emptying into the converter. The casting- 
pit is occupied by the ingot moulds for the receipt of the 
metal and ^e apparatns for discharging the metal into these 
moulds. In the centre is a hydraulic lift or casting crane 
formed by a hydraulic piston or ram, to the top of which is 
attached a platform formed by a pair of wronght-iron girders 
well braced together ; this platform receives at one end ths 
ladla into which the metal is emptied from the converter, at 
the opposite end to which is a mass of iron, acting as a conn- 
terpoise to the weight of the ladle and its contents i a handle 
connected with the necessary gearing enables a m an standing 
at the middle of this platform to traverse the ladle inwards 
or outwards, so as to bring it exactly 
over the centre of the ingot moulds ; 
and by another handle or wheel he is 
able to i-otate the crane around the pit, 
thereby emptying its contents into 
moulds placed in any part of the pit, 
while a third movement enables him to 
raise the table so as to come c 
moulds of varying height. 

The ladle (fig. 69) resembles the ordinary irQTifwai'ijsi;*«MSir 
ing ladle; it is formed of iron plates ri.veteiiVj^'a'CQKt.wE^'&B'*^ 
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on the inside with a refractoiy material, as sand or ganister ; 
but, instead of pouring the metal from a lip, it is tapped 
from the bottom of the ladle, for which purpose the bottom 
inclines from all parts to one side where the tap-hole is placed. 
A fire-clay nozzle attached to a vertical iron rod, also coated 
with fire-clay, fits into this hole, and by connecting the top 
of this rod with a hand lever, the nozzle can be raised or 
lowered so as to allow sufficient metal to escape to fill any re- 
quired mould, when by depressing the lever, the nozzle or 
plug is reinserted and the stream is stopped until the ladle is 
placed over another mould. The moulds employed for casting 
ingots of Bessemer steel are of cast-iron, open at both ends, 
and octagonal, square, or circular in section, with a consider- 
able taper from top to bottom so as to allow of the ready ex- 
traction of the ingot therefrom. 

The charge of the Bessemer converter consists, as already 
noted, of from 5 to 8 tons of molten pig-u*on, the most usual 
charges, however, varying from 6 to 8 tons. Previous to the 
introduction of the molten pig-iron into the converter (unless 
the vessel is already hot from a previous charge), a fire is made 
in the vessel, a quantity of coke thrown in, and the blast turned 
gently on ; this is continued until the inside of the converter is 
at a red heat, when the vessel is turned upon its axis, so as to 
bring the mouth downwards, and the coke, etc., is thus emptied 
into the pit beneath the convei'tor, the blast being blown 
through to drive out the coke. The converter is now rotated 
into a horizontal position, when the charge pf pig-iron, which 
has been melted in areverberatory or cupola furnace placed in 
the vicinity of the converter, is run along a movable gutter 
of wrought-iron, lined with sand or ganister, into the i-ed- 
hot vessel ; or, according to more recent practice, the metal 
may be tapped directly from the blast furnace into a ladle, 
and from thence into the converter. Before running in the 
pig-iron it is not unusual to throw into the converter 10 per 
cent., or even 20 per cent., of the charge in the form of scrap- 
steel, such as rail-ends, skulls, etc., either cold or after heating 
to whiteness in a neighbouring furnace ; in the case of light 
scrap it is melted down in the cupola along with the pig-iron. 
Owing to the shape of the converter, when in a horizontal posi- 
tion, the twyers are above the \)a.\\iolT£vfe\altVvvia introduced. 
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The blast is now turned on, and the converter is then rotated 
into the vertical position, the passage from the horizontal to 
the vertical being accompanied by the ejection of a shower of 
sparks and graphite blown out by the blast. On assuming 
the vertical position, however, during the first three or four 
minutes, only a small very slightly luminous flame, accom- 
panied by sparks, is visible from the mouth of the converter; 
after which the flame becomes a little more luminous and 
unsteady, and in from eight to ten minutes the flame is very 
dense, yellow, bright, and considerably increased in size. The 
metal is now in a violent state of ebullition, showers of slag, 
sparks, and burning iron are frequently ejected from the 
mouth of the converter, while the pressure of the blast, 
which at flrst was from 15 lbs. to 20 lbs. per square inch, 
falls to 10 or 11 lbs.; this stage, or what is known as the 
boil, continues for from six to eight minutes, with a charge 
of 5 tons of metal, and towards the conclusion of this stage 
the flame becomes less dense, and assumes a characteristic 
rose or pale amethyst tint, indicating the last or jming stage 
of the blow, during which the flame is diminishing in size 
and intensity, and in f«)m eighteen to twenty minutes from 
the commencement of the blow the flame Anally drops, an 
indication that the blow is at an end. The converter is then 
quickly turned down into the horizontal position, the blast 
turned off", and from 7 per cent, to 10 per cent, of melted 
speigeleisen or other highly carburetted and manganiferous 
alloy is added to the contents of the converter, the immediate 
effect of which is the emission from the mouth of the con« 
verter of a long, roaring, and extremely luminous jet of flame, 
the appearance of which is a further indication that the blow 
was completed before the converter was turned over. Formerly, 
it was die practice to place the converter vertical, and con- 
tinue the blowing for a short time after the addition of the 
speigeleisen, but for some time this practice has been discon- 
tinued. The metal, which is now as fluid as water, is allowed 
to stand for a few secoQds, and is then transferred, along with a 
quantity of slag, from the converter to the casting ladle, the 
ladle having previously been heated by burning charcoal or 
coke within it; the slag floats on the top^ and «&^ys.\& Vsl^^ 
taining the heat of the fluid metal during t\i<^ ^i^^\Aii^^'^^'«»Jwvss^^ 
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The converter is now turned mouth downwaixls, when the slag 
that had remained behind drains out into the pit below. As 
each ingot mould is filled with metal its surface is covered with 
sand, and a cast-iron plate, secured by wedges and eye-bolts 
to the ingot mould, is placed on the top to prevent, as far as 
possible, the rising of the metal on solidification, and thereby 
rendering the top of the ingot unsound and honeycombed. 

The duration of the blow just given applies to a 5-ton blow 
consisting of English hsematite pig-iron, or this mixed with 
only a small proportion of Swedish irons. If Swedish pig- 
iron be used alone, the blow is much shorter ; instead of 
lasting from sixteen to twenty minutes, it will be over in 
from thirteen to fifteen minuter for a 5-ton charge ; the pro- 
cess ^altogether requiring greater care that the blowing be 
not continued beyond the point of total decarbnrization by 
even a few seconds, otherwise considerable practicable diffi- 
culties arise from the deposition of a film or coating of metal 
on the inside of the converter, requiring much labour to 
detach it. For heavier charges of metal the time of blowing ia 
proportionately increased, a blow of 8 tons of haematite pig- 
iron requiring from 20 to 25 minutes for its completion. 

The Bessemer process, as above described, consists in con- 
tinuing the blow until the charge is totally decarbnrized, 
and then restoring the necessary amoimt of carbon to convert 
the whole into steel, by the addition of an amount of speige- 
leisen proportional to the temper required in the product 
In Sweden, however, the process was formerly conducted by 
stopping the blow before complete decarburization had been 
attained, leaving thereby an amount of carbon in the metal 
equal to the production of the desired temper; but the 
difficulty of being able to stop the process at the exact 
period, led to the almost general introduction of the total 
decarburization method as practised in England. In Styria, 
again, the iron employed contains from 1 to 3 per cent of 
manganese, and, instead of adding speigeleisen to the con- 
verted charge, the necessary amount of carbon is introduced 
by the use of a quantity of pig-iron of the same kind as the 
original charge. 

It IB usual in England to stop the blow, that is, turn over 
the converter at the instant \k^ ^th^ i^ei}^\ m Austria and 
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Sweden* the progress of the operation is judged from the- 
character of the slag; an iron rod is inserted into the con- 
verter, and, when brought out, a portion of slag adheres to* 
the point; so long as any carbon remains unconsumed, a 
peculiar brownish tint is observed, but as soon as the point 
of total decarburization is reached, the slag assumes a dead 
black colour, with a peculiar metallic lustre, due to the pre- 
sence of oxide of iron. 

If the blowing be continued after the oxidation of the 
whole of the carbon is completed, the heat is maintained by 
the combustion of the iron itself, and the product is deterio- 
i-ated in quality, approaching in character towards burnt iron, 
in proportion to the extent of overblowing; at the same time 
it is attended with considerable loss in the yield. If much 
overblown, the converter, as also the sides and bottom of 
the ladle, are coated with a thick crust of metal; this crust, 
solidified, of the internal form of the ladle, is technically 
called a skuU, and when produced is usually broken up and 
introduced with the next charge as scrap-steel. Overblowing 
of the metal for only a few seconds is sufficient to create a. 
skull in the ladle of considerable weight. 

About thirty charges can be worked off in the twenty-four 
hours from each converter. Although the actual blowing 
lasts only about twenty minutes, the melting of the pig-iron 
and removal of the ingots from the pit, with the re-arrangement 
of the moulds, occupy a considerable time. After five or six 
blows some of the twyers also require renewal, the brick being 
eaten down to a considerable depth below the level of the 
bottom. For their insertion, the bottom plate of the twyer 
box is removed, the old twyers are knocked out and new 
ones inserted from below. The twyers are then luted round, 
and secured as previously described, after which the conver- 
ter is turned up, and a quantity of a thin paste of ganister 
and fire-clay is run in around the twyers on the inside of 
the bottom. After about eighty blows the converter usually 
requires relining, frequent repairs of the lining having been 
effected in the meantime by ramming patches of ganister on 
the more corroded and broken down parts of the lining. 

Besides the twyers the bottom of the vea^^V \\.%^i y^^^SS::^ 

* Bauerman. 
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■wears ftway, and requires renewal after from ten to twen^ 
blows, or Bometimes even less; hence, in order to make the 
large number of blows per daj which are now made, especially 
in America, it is ueceasarjr to have some more rapid manner 
than that juBt described for the renewal or changing not 
only of a set of twyera, but of the entire bottom of a con- 
verter, without delaying unneceaaarily the work of the 
Bessemer casting-pit. Accordingly, instead of the fixed 
bottom, as already described, the late Mr. Holley devised a 
vessel with a " movable bottom" which is now generally 
used in all the newer works. ■=!"" " 

By this application an old i ^-^fcyV—^V" 
bottom can be taken out of <>■ ■■ L! J v©)) 

converter and a new one rein- I -fe%^ — jL^ 
stated ready for working, under 
a delay of less than an hour.Ht 
and this without cooling the T 
interior of the vessel below a I 
Kd heat. With the Holley 
movable bottom, fig 60, it is 
unnecessary to run into the 
interior of the vessel any paste 

of ganister (sluny), to maie j.g (O-HfLJi-^^ Mova, 
good the junction around the Boitom 

joint of the bottom or around the twyers, and lienco ths 
vessel is not cooled down from that cause, as occurs witk 
the fixed bottom The movable bottom is built up, and 
thoroughly dried before bemg required for use, and it i» 
attached to the body of the converter when required by pins 
and cotters. The edge or periphery of the movable bottom 
is bevelled o£f approximately to an angle of 45°, so that 
when the bottom ^ready prepared is lifted (by means of an 
hydraulic lift standing below the converter) into ita positioD, 
an open wedge-shaped annulus, a, is left around the junction 
of the bottom and the body of the vessel, but this is filled 
up and made tight by ramming in cakes of ganister from 
the outside. 

In some works, for still further increasing the output aod 
eooaomy of the proceBS, dwjUcate converters are made, which 
are lined, dried, and lieaXiei M^,\iQbn»\i^^^UAed in posi- 
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tion, SO that when a converter requires relining, instead of 
stopping the plant and cooling down the converter for relin- 
ing in position, the converter is constructed so that, after 
removing sundry knuckle pieces and pins, the vessel can be 
lifted from within the trunnion ring, by suitable cranes or 
lifts, and a new vessel at once inserted in its place, which, 
after properly securing to the trunnion ring, is ready for work. 

The total yield of Bessemer metal produced averages from 
80 to 85 per cent, of the total weight of pig-iron and 
speigeleisen introduced into the cupola or other remelting 
furnace. 

The decarburized metal obtained at the termination of the 
blow, and before the addition of speigeleisen, behaves on 
mechanical treatment exactly as burnt iron; it is found to be 
exceedingly red-short, that is, cannot be welded or hammered 
at a red heat, but crumbles and falls to powder on attempting 
to work it under the hammer; this rottenness or want of co- 
hesion in the product is generally allowed to be due to the 
presence of a surplus of oxygen and silicon in the intensely 
heated metal, which elements are removed by the addition 
of speigeleisen or other alloy rich in manganese, owing to the 
very powerful affinities of oxygen, silicon, and manganese for 
each other, whereby the three pass out as a fusible slag, and 
the metal has restored to it aU the qualities of good steel, 
the hardness of temper depending on the amount of carbon 
introduced in the manganiferous alloy. 

211. Decomposition in the Bessemer Vessel or Con- 
verter. — ^The following analyses* of the pig-iron employed, 
steel produced, and of the metal at various stages of the 
process, as determined at the Austrian works of Keuberg, 
and by Mr. Snelus at the Dowlais works, show that 
during the first stage of the process the operation is 
attended with the conversion of the graphite into com- 
bined carbon, and also by a very considerable diminution in 
the amount of silicon, thus indicating that the silicon is burnt 
off in the earlier stages of the blow much more rapidly than 
the carbon, while in the last stage of the process the action 
is reversed, the carbon being very rapidly oxidized and 

* Journal of the Iron and Steel ImtitvJbt, "Booet Vj "Xyc. '^^v5S5fc> 
1871. 
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eliminated, whilst the silicon at the same time does nox 
suffer anj very material change. The analysis of the slag pro- 
dnced at this same period. No. XL, shows that the manganese 
18 being rapidly oxidized, the oxide so formed combining 
with sUicay widi the formation of a fusible silicate or alag; 
while in the same period the iron is comparatiTely unaffected. 
During the boil the carbon, silicon, and manganese, as indi- 
cated by the analysis No. TTT., are suffering combustion, 
whilst at the conclusion of the last or fining period, there is 
present in the metal but a few hundredtlis per cent, of these 
elements (No. IV.), and the corresponding analysis of the 
slag indicates a sudden increase in the amount of iron, show- 
ing that at the end of the boil the manganese is practically 
removed, and that during the fining or last stage of the 
process, the iron begins to suffer oxidation and waste. Na 
V. is the analysis of the Bessemer steel produced after recar 
burization by the addition of the speigeleisen, in which it 
is also noticeable that the percentage of phosphorus and 
sulphur differs but slightly from the amountis shown in the 
analysis of the original pig-iron. 

The slag remaining in tlie Bessemer converter, after teem- 
ing the metal into the ladle, is a heterogeneous, porphyritio- 
looking, silicious mixture, consisting of a fused portion or 
flux, forming the true slag, enveloping and cementing 
together large quantities of apparently infused quartzose 
matters, derived from the sides of the converter, etc The 
composition of this slag or residue is accordingly exceedingly 
vaiious, from the varying quantities of ganister, etc., detached 
from the lining of the converter in different blows; but 
analysis of the fused portions at different stages of the blow, 
as given on the succeeding page, afford tolerably accurate in- 
dications of the progress of the blow, and of the decomposi- 
tions proceeding in each stage. The physical qualities of 
the fused slag also differ as the blow advances towards com- 
])letion ; thus, the fused slag has at first more or less of a 
lemon colour, becoming successively orange, light-brown, 
dark-brown, and black, as the carbon is removed from the 
charge, and these characteristics form the basis upon which 
the slag tent for the conduct and stoppage of the blow (as 
sometimes pursued it^ A\\ft\,Ym«AA^^^^'e^c^^^^&^<^i^l^^ 
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ANALYSES OF THE METAL TAKEN FROM THE CONVERTER AT 
DIFFERENT STAGES OF THE BLOW AT THE NEUBERG WORKS. 





L 


IL 


III. 


IV. 


V. 


Graphite, 

Combined carbon, 

Silicon, 

Sulphur, 


3180 
0-750 
1-960 
0-018 
0040 
3-460 
0-085 


2-465 
0-443 
Trace 
0-040. 
1-645 
0091 


0-949 
0112 
Trace 
0-045 
0-429 
0-095 


0-087 
0028 
Trace 
0-045 
0113 
0120 


0-234 
0033 
Trace 
0044 
0139 
0-105 


Phosphorus, 

Manganese, 

Copper, 



ANALYSES AT THE DOWLAIS WORKS. 





I. 


II. 


III. 


IV. 


V. 


Graphite, 

Combined carbon, 

Silicon, 

Sulnhur, 


2-07 

1-20 

1-952 

0014 . 

0048 

0-086 

• • • 


2-127 
0-795 
Trace 
0051 
Trace 

• • • 


• • • 

1-55 
0-635 

0i()64 

• • • 

• • • 


0-097 
0020 
Trace 
0-067 
Trace 

• • • 


0-566 
0-030 

0-055 
0-309 
0039 


Phosphorus, 

Manganese, 

Copper, 



ANALYSES OF SLAGS PRODUCED AT DOWLAIS, 



Silica, 

Alumina, 

Iron protoxide, , 

Manganese protoxide,, 

Ldme, 

Magnesia, , 

Alkalies, , 

Sulphur, 

Phosphorus, , 



II. 



46-78 
4 65 
6-78 

37 00 
2-98 
1-53 

Traces 
004 
003 



III. 



61-75 
2-98 
5-58 

37-90 
1-76 
0-45 

Traces 

Traces 
002 



IV. 



46-75 

2-80 

16-86 

32-23 

1-19 

0-52 

Traces 

Trace 

001 



V. 



47-27 
3-45 

15-43 

31*89 
123 
0-61 

Traces 

• • • 

0-01 



I. Original pig-iron. 
II. Metal ana slag taken at the end of the first period (6 minutes). 

III. „ ,, boil (^12 T£02B»iu^. 

rv. „ „ \>\o^ 

y» After addition of speige!. 
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Mr. Snelas, in a paper to the Iron and Steel Institate, 
communicates the following as the composition of the gases 
escaping from the month of the converter daring a blow 
lasting eighteen minutes : — 





L 


IL 


m. 


IV. 


V. 


VL 


Carhonic anhydride, 

Carhonic oxiae, 

Oxvcren. 


10-71 
None 
0-92 

88-37 


8-59 
3-95 

• •• 

0-88 
86*58 


8-20 
4-52 

• a* 

2-00 

85-28 


3-58 
19-59 

• • • 

2-00 

74-83 


2-30 
29-30 

2-16 
66-24 


1-34 
31-11 

2^ 
65-55 


X^AJgWUj **************** 

Hydrogen, ) 

Nitrogen, { 




10000 


100*00 


100-00 


100 00 


100-00 


100-00 



1. Taken 2 minutes after the commencement of Uow. 

11. „ 4 

III. „ 6 

IV. „ 10 
V. „ 12 

VI. „ 14 



»» 

99 
»9 



These analyses show that during the first period of the 
blow, when the temperature is low, and only a very small 
slightly luminous flame is visible at the mouth of the con- 
verter, that the carbon is oxidized to carbonic anhydride; 
but as the process advances, and the temperature rises, the 
proportion of carbonic oxide to carbonic anhydride rapidly 
increases. Analysis lY., taken ten minutes from the com- 
mencement or after the boil has commenced, shows a very 
large increase in the amount of carbonic oxide gas, attended 
with a corresponding decrease in the proportion of carbonic 
anhydride. At this period the flame has considerably in- 
creased in size, and presents the reddish-violet tinge character- 
istic of burning carbonic oxide. From this time to the end 
of the blow the proportion of carbonic oxide to carbonic 
anhydride continues to increasa 

From the experiments of I. L. Bell, Esq., it appears that 
at very high temperatures, carbonic acid is more stable than 
carbonic anhydride when in contact with metallic iron, and 
this may account for the presence of carbonic anhydride in 
the earlier and cooler stages of the process, whilst, as the 
temperature increases, its -^Vacft \a\flI!it«CL\i^ carbonic oxide. 
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Mr. Snelus has computed that the heating power of the 
gases (chiefly carbonic oxide) escaping from the converter 
towards the end of the blow is, in works blowing 1000 tons 
of pig-iron per week, equal to the effect produced by a con- 
sumption of 25 tons of coke per week. 

Dr. W. M. Watts has attempted to determine the temper- 
ature of the flame of the Bessemer converter, and he flnds 
that at the commencement of the blow, a wire of gold held 
in the flame does not melt^ whilst towards the middle and 
end of the blow, the gold was always melted; hence he 
concludes that the temperature of the flame at the commence- 
ment is below 1300^0. (the melting point of gold). An 
alloy of platinum and iridium, or platinum alone, does not 
melt at any period of the process; hence, taking the melting 
point of platinum at 2000^ C, it follows that the temperature 
of the flame, although increasing beyond 1300^ C.| never 
attains to 2000° 0. 

212. Bessemer Pig-iron. — The essentials in a pig-iron 
applicable to the Bessemer process are: — 1^ almost absolute 
freedom from sulphur, phosphorus, and copper, since these 
elements are not sensibly diminished in amount by the 
Bessemer process; 2^ the presence of a minimum of about 
2 per cent, of silicon in pig-irons containing only very 
small amounts of manganese; for though in this proportion 
it is almost entirely removed during the process, yet its 
high calorific power — about 7000 — ^renders it valuable as 
a heat producer, and thus aids in preventing the loss by 
the production of ahdla, which takes place when this 
element is present in insufficient amount; if present in too 
large proportion, however, the whole of the carbon may be 
oxidized and eliminated, while sufficient silicon still remains 
in the metal to deteriorate its quality, about one-tenth 
per cent, of silicon being sufficient to make Bessemer steel 
hard and brittle when cold; the presei^ce of an excess of 
silicon in the pig-iron is also attended with an increased 
waste of iron in the form of slag; 3° the pig should be of 
No. 1 or Ko. 2 in greyness, for the use of white iron is 
attended with difficulty and loss; its carbon being in the 
combined state is converted into carbonic oiddfik YCL^(}c^^^»x^^^ssL 
stages of the process, before the neceaaarj \kfia.\» c?l ^^ \sis5vs^ 
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has been attained, and the combustion of the silicon effected; 
and 4° the presence of manganese in the pig-iron is advan- 
tageous, for although entirely removed, so long as any remains 
in the molten bath of metal, it prevents the oxidation and 
waste of iron; and acting as a heat producer, is especially: 
desirable therefore in pig-irons low in silicon. J(»xlan sets 
down the miniinum of manganese at 1 per cent., but this m 
considerably in excess of what is used in England, where the 
pig-irons employed are usually highly siliceous. Mixtures 
of pig-irons are generally preferred for the Bessemer process, 
ratiier than the use of a single class of iron. 

213. Application of the Spectroscope. — ^The spectroscope 
has been applied somewhat extensively on the continent, 
and to a lesser extent in England, for the analysis of the 
Bessemer flame, and the determination of the point of total 
decarburization or point at which the bjast should be turned 
aS, It is especially useful where diflTerent irons are being 
<k)ntinually blown, with the behaviour of which the workman 
is not familiar. The phenomena, as observed by the naked 
eye, and through the spectroscope, in a blow of 4^ tons of 
metal, chiefly haematite pig-iron, are tabulated below. 

In blowing Swedish pig-irons, which are low in silicon, 
and contain from 1 to 3 per cent, of manganese, the boil 
commences sooner than when haematites are the subject of 
operation, and the spectrum appears earlier, the yellow line 
flashing in about thirty second^, and has become steady or 
flxed, in from one to one and a half minutes from the com* 
mencement of the blow; after which, at about the same 
intervals as in last case, the other appearances occur, the 
blow being completed for this charge in about twenty- 
one minutes. The spectrum is not, however, usually so 
clear, due to the cloud or haze of brown vapour or smoke 
which ascends from the mouth of the converter when man- 
ganiferous pig-irons are under treatment; the spectrum at the 
same time is generally less complicated, a number of lines in 
the green and blue portion of the spectrum of the haematites 
being absent. 

2H. Bessemer Process with Fixed Converter. — ^Instead 
of the converter resting on tvunnions, and having a move^ 
in a vertical plane to enaW^ \t \» t^^ct^^ its charge, 
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Time from 
Commencement. 


Appearance to the 
Naked Eye. 


Appearance of thA 
Spectrum. 


4 minutes. 
6 „ 

6 .. 
8 , 

10 „ 

16 „ 
20 „ 
24 „ 


Very small flame, with 
sparks of metal. 

Pide flame, increasing 
in size. 

Flame large, but very 
unsteady. 

Flame much brighter 
and larger. 

Flame is very bright 
and dense; the boil 
has commenced. 

Flame is larger, but 
more transparent. 

Flam^ HiminialiiTig in 

size, and not so lumi- 
nous. 
Flame drops, and blow 
IS over. 


Faint continuous spec- 
trum. 

Continuous spectrum, 
with two yellow 
sodium lines D, flash- 
ing across the spec- 
tnun. 

Sodium lines have be- ' 
come steady, and ' 
flxed. I 

Yellow sodium lines, 
with lines in the red 
and violet ends of the ' 
spectrum appear. 

The last spectrum re- 
mains with additional 
lines in the red, also . 
carbon lines in green ' 
and blue, with green 

* manganese oxide lines 

Lines m the spectrum 
more distinct^ and 
better defined. 

Spectrum fading. 

The green lines of car- 
bon and manganese, 
disappear. 



• Dr. W. M. Watts. 

and to empty out the finished product, as described in the pre- 
ceding pages, the use of a Jixed converter or vessel is being 
revived by Messrs. Clapp & Griffiths with some reported suc- 
cess. The Griffiths* converter consists of an upright open- 
topped vessel, formed in three parts ; an upper part forming 
the stack or head of the vessel; a middle ring or bosh around 
which water is circulated to keep it cool, whilst the third or 
bottom part, has a flat bottom and low vertical sides. The 
bottom is carried upon a frame which can be raised or 
lowered in another frame. The wKol^ ^Y^<dx^Xs^^ Sa \ssiRft^ 
with refractory materials, like t\\e OT^ax^ai^ <sao;:qctf«uBc0^sQS» 
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the bottom and middle pieces of the converter need not fit 
accurately but may stand apart for a short distance to allow 
of any irregularities in the edges of the lining of the two parts. 

Around the sides of the lower portion or bottom of the 
▼essel are six twyer boxes, and as many horizontal twyera, 
through which the blast, under a pressure of only about 5 
lbs. per inch, is delivered, at a short distance above the bottom 
plate. The blast passage through each twyer is closed by a 
suitable stopper, driven home by steam or other mechanical 
contrivance, whereby the entrance of the fluid metal into the 
blast boxes is prevented when the blast is shut oS, A door 
on each blast-box can be opened, and a twyer-block and new 
twyer can be insei-ted after withdrawing an old one, with- 
out necessitating any stoppage for the cooling down of the 
apparatus. At the lowest point of the side of the vessel is 
the tap hole, which is stopped as usual, and fitted with the 
usual spout or lander for conveying the metal from the con- 
verter to the ladle. 

A little above the level of the molten charge is a door, or 
. in lieu thereof, two or more smaller openings are left at dif- 
ferent vertical heights above the metal, and these serve for 
the introduction of the charge of fluid pig-iron and for raking 
ofl* the slag, ete., from the top of the metal within the vessel. 

The process with the fixed vessel is conducted in the 
same manner as the ordinary process ; but the pressure of 
blast required with this arrangement is lower than is neces- 
sary with the regular Bessemer converter, and the whole 
plant is considerably less costly than the ordinary apparatua 

215. The Basic Process for the Production of Steel 
from Phosphoric Pig-Iron. —For the successful conduct of 
the Bessemer process in ganister (silicious) lined converters 
or vessels, only haematite, or such other pig-irons as are prac- 
tically free from phosphorus, are available; but by conducting 
the process, after the manner carried out successfully by 
Messrs. Thomas & Gilchrist, in the so-called '^ dephosphorizes 
iion" or " basic process,** in which the vessel or converter is 
lined with a highly basic material^ such as suitably prepared 
dolomite or magnesia, then pig-iron containing from 1 per 
cent to 3 per cent, o^ phon^^iotv^, wwih. as that produced by 
the smelting of spatliic and ot\i^x ot«& vcLVJckfe^^-^^iMSLddis- 
"^ct, and upon the Coutm^jiit, cxoiXi^ «vi^^^®^v^l \sft«^\j^'\D. 
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the converter for the production of " bctsic steel,** especially of 
the softer tempers, as required for plates, rails, eta 

The details for the practical conduct of the basic process 
differ somewhat, as will be presently indicated, from the 
methods observed in the ordinary Bessemer process, and 
more especially in continuing the blow for some two or three 
minutee beyond the point of decarburization at which the blast 
is invariably shut off in the ordinary Bessemer process. 

The bcuic lining above mentioned is alike applicable to 
the Siemens open-hearth melting furnace, as well as to the 
Bessemer converter, its use in the former being attended 
with the same result ^as in the Bessemer converter, viz., that 
Cleveland or other phosphoric pig-iron can then be used for 
the production of steel, but as yet the basic process has not 
been extensively adopted with the Siemens furnace, although 
large quantities of baaic steel are now regularly produced by 
the basic Bessemer process. 

The lining employed in the basic or dephosphorizing pro- 
cess must be strongly basic, and also capable of resisting 
the high tempeiuture of the Bessemer converter without 
softeniiig or melting. Such a material is found in dolomite 
or nuzgnesian limestone, which substance is for this purpose 
either made into bricks which require to be first very 
strongly burnt, and then built into the « body of the con- 
verter with a cement of anhydrous coal tar, or, as is more 
general, the dolomite is ground to powder, then very strongly 
burnt, and when cold is mixed with coal tar, which has pre- 
viously been boiled to expel any water. The mixture is 
then rammed into the space between the shell of the con- 
verter, and a hollow cast-iron model or plug having the 
internal size and form of the converter. The plug is often 
previously heated by making a coke fire within it, so that 
during the ramming up of the lining, the materials assume a 
more or less plastic condition, and retain the desired form . 
when the plug is withdrawn. 

The baiic process may be conducted with the ordinary 
Bessemer vessel and plant, with the exception that the 
vessel is lined as above with a dolomite or other basic linings 
instead of with the ganister or silicioua l\mxL%\>ix>^.^V«««k^o«^ 
plant h^s been put down for the basic ^Toce^^ >(5[ictt.^^^ ^s^'^- 
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rerteni bave been made eborter but larger in diameter than 
the ordinarjr veesela, and the neck aleo, instead of standing ■ 
at an angle 'with the body ia made concentric vith it, so as 
to admit of tbe molten cast-iron being introdaced into, and 
the steel poured from the converter, upon either Bide of the 
same, whereby the corrosive action of the elaga npon the lining 
of the vessel is made more equal on the two aides and tbe 
duration of the lining is thei'eby prolonged. Owing to the 
highly corrosive action of the slags, and the more rapid 
destruction of the lining in the Imsio process, repairs are 
therefore more frequently required, and the application of 
loose bottoms, and of interchangeable converters, is more 
necessary and general than when the ordinary or acid pro- 
cess js pursued. Tbe loose bottom for tbe basio process is 
generally covered to a thickness of about 2 feet with the 
same materials as the body 
lining, and it is rammed up 
on the bottom plate with a 
nnmber of spikes of about 
hfttf-inoh in diameter stand- 
ing above the surface of tbe 
dolomite, so that, on with- 
drawing the plate and spikes 
a series of passages are left 
through tlie bottom, which 
act instead of twyera for 
the admission of the blast. 

Tbe more recent oonverteiB 
(fig. 61) built for the basic 
process are made in four 
pai-ts, tbe body, the conical 
neck, the bottom, and tbe 
tninnion ring, and these are 
coupled together by bolta 
and cotters to form the 
complete vessel. Tbe body B 
for a 10-ton vessel, is made of 
one-inch iron plates, which 
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are rivetted together and strengthened by suitable atrap& 



* Proeeeding$ of the Itutitute qfCvM 
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Tlie neck K is also of iron plates, and is detachable so as to 
be lined up separately before putting into position for use. 
The bottom Z, with twyer box, etc., is rammed up separately, 
as already noted, whilst the trunnion ring or belt a, and the 
arms b, b, are made in cast-iron of box section. The tipping 
gear consists of a large worm wheel c attached to one arm of 
the trunnion ring, and into this wheel gears a screw or 
worm d of 4^ inches pitch, which worm is driven by a pair of 
small double-acting hydraulic engines carried on the same 
standards as the vessel itsel£ The vessel can thus be rotated 
through 360° in either direction. The casting pit is of the 
most approved Bessemer type, and is fitted with the usual 
cranes, as described (page 249). 

In commencing work with a freshly-lined converter, the 
operation begins by first thoroughly warming up the vessel, 
and then introducing into the vessel well burnt lime, to the 
extent of 15 or 20 per cent, of the weight of the pig-iron 
to be charged; a little coke-breeze is at the same time 
added, after which a gentle blast is passed through the con- 
verter until the whole attains to a red heat. The converter 
is now revolved into the horizontal position, whereupon the 
blast is shut off, and the charge of from 7 tons to 15 tons of 
molten phosphoric pig-iron (p. 272), is delivered as hot as pos- 
sible, either direct from the blast furnace into the vessel, or 
after re-melting in a cupola. The blast is now again turned 
on, and the vessel is revolved into the vertical position, when 
the phenomena attending the ordinary Bessemer process, as 
already detailed, are observed, until the point of total decar- 
burization is attained. This stage is reached after an interval 
of from thirteJen to twenty-five minutes, exactly as in the ordi- 
nary or acid Bessemer process ; but with the basic process, 
instead of turning down the converter, according to the ordi- 
nary Bessemer practice, the blowing is further continued in 
order to eliminate the phosphorus from the metal ; for, as 
will presently be shown, the dephosphorization of the charge 
is almost wholly effected during this cifCer or over-blow stage 
of the process. 

During the after or over-blow, which usually lasts from 
two minutes to three minutes, red fumes appear at the mouth 
of- the converter; these fumes are at first slight, but become 
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more dense towards the end, whilst the temperature of the 
(iharge also rises during the same period, until it finally 
attains to about 1800® C. 

Before the after-blow is judged to be quite completed, the 
converter is turned down with its mouth horizontal, and 
samples of the charge are withdrawn in a small ladle or 
spoon, the metal so withdrawn being cast into a small 
ingot, which is then hammered out^ under a small steam 
hammer, into a small cake. The sample is then cooled in 
water and broken across, when, if the fracture presents large 
and bright crystals, the process is judged to be incomplete, 
and the conyei*ter is turned up and the blowing resumed for 
another minute, or may be less, according to the judgment 
of the workman, after which the operation of sampling is 
repeated, in the same manner and as often as necessary, until 
the metal shows the desired malleability, ductility, and 
smaller crystalline texture indicative of almost complete 
dephosphorization of the charge. One, two, or three samples 
are often taken during the after-blow stage of the process ; 
but very often a single sample will suffice to indicate that a 
few more seconds blowing only is required to effect the 
desired dephosphorization, and therefore the time for the 
stoppage of the blow. 

At the conclusion of the after-blow the method of procedure 
varies slightly in different works ; but in most works the 
recarburization of the metal is effected by adding the molten 
speigeleisen at once to the converter, whilst a little ferroman- 
ganese in the solid state is thrown into the ladle. In other 
works, before adding the speigeleisen a large proportion of 
the slag in the converter is first run of£, so as to prevent the 
possibility, after the blowing has ceased, of a small propor- 
tion of the phosphoric anhydride, now contained in the dag^ 
being again reduced by the action of the molten metal, and 
so re-introducing a small proportion of the phosphorus into 
the metal within the converter. 

Instead of recarburizing the metal in the converter directly 

by the addition of speigeleisen, as last described, another 

modification is also pursued in England, according to which, 

after the completion, oi t\ie a^tAt-blow, the metal and slag 

Are transferred froui tVi© eouNcvtoc \» ^^\iS5kR^ N<rhen a 
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proportion of molten haematite pig-iron is added to the ladle, 
by which addition a state of violent ebullition is induced, 
during which the slag usually overflows the sides of the 
ladle. As soon as this agitation ceases, the metal again sub- 
sides, whereupon a small quantity of speigel, or of ferro- 
manganese, is added to the ladle to complete the desired 
recarburization of the metal. 

The metal having been thus recarburized by the addition 
of speigeleisen and ferromanganese, by either of the last 
described methods, it is then poured into the ladle, and 
subsequently cast into ingots in the manner of the ordinary 
Bessemer arrangement already described. 

As is shown (p. 272), the phosphoric pig-iron for treatment 
by the basic process ought not to contain more than from 
0*5 per cent, to 1*0 per cent, of silicon; but for the treatment of 
such phosphoric pig as contains more silicon than this limit 
indicates, the so-called " transfer method " of treatment has 
been proposed and used on the Continent, although it has 
now been generally abandoned. 

According to the " transfer methody^ the pig-iron is par- 
tially desilicized by blowing it for ten minutes or fifteen 
minutes in an ordinary ganister-lined converter, according to 
the regular Bessemer process. In this manner a large pro- 
portion of the silicon is removed (see Analyses^ p. 257), and 
such partially desilicized metal is then transferred to a basic- 
lined vessel already heated and waiting for its reception. 
Care is taken to keep back from the basic-lined vessel, as 
much as possible of the silicious slag produced during the 
blow in the ordinary vessel The decarburization and de- 
phosphorization is then completed by blowing the metal for 
three or four minutes^ as may be required, in the basic-lined 
converter after the manner already described. 

The daily outpiU or j/ield of metal from a pair of basic- 
lined converters is very much less than with the ordinary or 
ganister-lined vessels, since with the first mentioned the 
wear of the lining is very great, so much so, that although 
the more recent converters are made without lips, so as to 
be able to receive and teem the metal as may be required from 
either side of the converter, instead of aiw^i.-^^^ ixata.*Oafe ^ftasssa 
side, as- is necessary with the iDieVme^ xkfe^ ^xA ^x^\sa2c^ 
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shape, thus rendering the wear of the lining more uniform on 
the two sides of the vessel j but notwithstanding this, each 
basic vessel requires to be relined after about sixty blows, for 
the lining is never allowed to get below some three or four 
inches in thickness before relining is efifected. The bottoms 
also do not last on the average more than eleven blows be- 
fore requiring to be renewed j but where loose twyers are em- 
ployed, and are inserted as may be required, tlien twenty 
or thirty blows are obtainable before a new bottom becomes 
imperative. It is thus found that from eighteen to twenty 
blows per day of twenty-four hours is all that can yet bo 
made from a basic-lined vesseL The yield -of metal at each 
blow amounts to about 85 per cent, of the charge of pig-iron 
introduced into the vessel, being thus about 5 per cent, less 
than the yield from the ordinary Bessemer charge. 

It is obvious from the above remarks, that to produce 
the same amount of metal with the basic process that can be 
made in an oi-dinary Bessemer plant, will require a larger 
number of converters, whilst the means of rapidly changing 
both converter bottoms and the vessels themselves are more 
necessary, because more frequently required, than with 
the ordinary process. 

The economy effected in the Bessemer process by taking 
the metal direct from the blast furnace, instead of remelt- 
ing the same in the cupola, apply in the same degree when 
applied to the basic process. 

The reactions which occur in the basic-lined converter up 
to the period of total decarburization of the charge, are iden- 
tical with those which take place in the ganister-lined or 
ordinary Bessemer vessel — ^that is to say, that the silicon, 
manganese, and carbon begin to bum off almost from the 
commencement of the blow in the manner described (p. 255), 
whilst the phosphorus remains practically unchanged up to 
this period, or as long as any silicon remains in the charge ; 
but during the after-blow in the basic-lined vessel, the phos- 
phorus is rapidly oxidized and eliminated from the metal, 
although the carbon and silicon during the same period do 
not pi*actically suffer any further reduction. Thus at Eston,''^ 
hy blowing in a basic-lmed converter a charge of pig-iron con- 
* Proceedings oi tVie InaV., ol ^^N^»si\'Si(^Q3!L%^K&. 
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taining 3*57 per cent of carbon, 1*70 per cent, of silicon, and 
1 '57 of phosphorus, the ordinary blow, or total decarburization 
stage, was reached in fourteen and a half minutes, when the 
metal contained 0*07 per cent, of carbon with a trace of silicon, 
whilst the phosphorus still amounted to 1 *22 per cent. By 
continuing the blast, or overblowing the metal for a further 
period of two minutes and five seconds, the charge then 
yielded on analysis only 0*08 per cent, of phosphorus with a 
trace only of carbon, the silicon at the same stage being nil. 

ANALYSES OF THE CHARGE AT VARIOUS STAGES OF THE 
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That during the first stages of the Bessemer process, even 
in a basic-lined converter, the carbon should be thus oxidized 
as seen above, whilst no appreciable oxidation of the phos- 
phorus is effected is probably due to the superior affinity of 
carbon for oxygen, over that of phosphorus for oxygen, under 
the conditions of the Bessemer converter. The same remark 
applies to the oxidation of iron during the process, the oxi- 
dation of the iron being very small except during the latter 
stages of the process, and after the carbon has been almost 
entirely eliminated from the charge. 

For the elimination ofphosphorue ivom. pig-iron during the 
Bessemer or Siemens process, it is necessary that the slag 
produced in the process should he highly bcLsiOf since phos- 
phoric anhydride P2O5 can only exist in the furnace or con- 
verter when it is in combination with a powerful base, such 
as ferrous or calcic oxide, and therefore the presQiwi."^ q>1 «k^ 
excess of sUica mtist be avoided^ amceV^ «ws^\i^ Y^'^^'^'*^' 
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immediately converts any calcic or ferrous phosphates into 
their respective silicates, with the liberation of phosphoric 
anhydride from its combination with these bases. The 
fi'ee phosphoric anhydride would then immediately suffer 
reduction (at the temperature of the converter) by carbon or 
even by the iron itself, and so pass back into the metal instead 
of passing out with the slag. Instead of being separated from 
its combination with ferrous or calcic oxide, as above, it is 
more probable, that in the presence of an excess of silica, 
such as exists in a ganister-lined converter, any phosphoric 
anhydride which might be formed by the oxidation of the 
phosphorus in the pig-iron, would never come into contact 
with the ferrous oxide required to produce a stable compound 
with it, since the ferrous oxide, immediately it was formed 
by the oxidation of any iron, would combine with silica to 
the production of feiTous silicates, and the phosphoric 
anhydride, if formed, would thus be left to suffer immediate 
reduction by carbon. Hence, during the Bessemer process, 
as conducted in the silicious (ganister) lined converter, phos- 
phorus cannot be removed from pig-iron ; but with a basic 
(dolomitic) lined vessel, the slag produced is highly basic, 
and phosphoric anhydride, immediately it is foimed, com- 
bines either with lime (calcic oxide), or with ferrous oxide, 
to the production of calcic and ferrous phosphates, which 
are not again reduced ; so that the phosphorus once oxidized 
is then carried off in the slags, leaving the basic steel pro- 
portionately dephosphorized. 

After the addition of the speigeleisen to the metal in the 
basic-lined converter, it is found that the basic steel contains 
not only an increased proportion of carbon, silicon, and man- 
ganese, due to the direct addition of these elements, as con- 
tained in the speigeleisen itself, but that the amount of 
phosphorus is also increased beyond that due to the amount 
directly introduced by the speigeleisen, and hence there is 
leason to suppose that probably a reduction takes place (in 
the interval between the addition of the speigeleisen and the 
casting of the ingot of metal) of a small amount of phos- 
phorus from the slag which covers the fluid metal as it 
stands in the ladle. 
216. Slags from tlie Ba^\^ '?tq^^'W^— ^^^ zlaqs produced 
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during the conduct of the basic process, although small in 
quantity during the earlier stages of the blow, increase 
towards the end of the process, and at the close of the blow 
the pure or fused slag forms about 20 per cent, of the weight 
of the steel produced, or nearly double the amount of what 
is produced during the conduct of the ordinary Bessemer 
process. Also, whilst the ordinary Bessemer slags are highly 
silicious mixtures, the slags from the basic-lined converter 
are highly basic silicates of lime and magnesia, containing 
notable proportions of phosphoric anhydride and ferrous 
oxide, but the proportion of silica in these slags does not 
exceed one-half of the amount contained in the ordinary 
Bessemer slags. 

The basic slags vary much in composition at different 
periods of the blow, but invariably the proportions of 
phosphoric anhydride and of ferrous oxide are very small 
during the earlier stages, increasing towards the close, and 
especially during the period of the after^ or over-blow. Thus 
two samples of slag from the same charge, but one taken at 
the end of the ordinary blow, or just at the commencement 
of the after-blow, and the other taken at the conclusion of 
the after-blow, yielded respectively 5*66 per cent and 16*03 
per cent, of phosphoric a/nhyd/ride; in like manner, the 
forroua oxide in the first mentioned amounted to 6*15 per 
cent, of the slag, whilst in the second it amounted to 12*35 
per cent. Analyses of the slags taken at the end of the 
dephosphorization stage or after-blow of the process, show an 
average composition of about 10 per cent, of silica, from 10 
per cent, to 15 per cent, of phosphoric anhydride, 10 per cent, 
of ferrous oxide, and from 40 per cent, to 50 per cent, of lime 
and magnesia, with smaller but variable proportions of man- 
ganous oxide. 

Owing to the large proportion of phosphoric anhydride in 
these slags, it has been proposed to sepaiute the calcic phos- 
phates from such slags, and to use them as fertilizing 
agents. Two factories are at work in Germany for this 
purpose, but only a partial success has as yet attended their 
working. 

217. Pig-Iron for the Basic Process. — ^The ^i^-kc^\!L ^^^ 
use in the basic Bessemer proceaia t^c^t^^ \^ Vw?^ ** Vjw^ 
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eontent of sulphury smoe the proportion of this element in 
the steel produced by the basic process is not materiallj less 
than that contained in the original pig-iron. Hence from 
005 per cent, to 0-15 per cent, represents the usual propor- 
tion allowed, but the superior limit is only permissible either 
in the basic or in the ordinary Bessemer process, when rich 
speige] or ferromanganese is used for recarburizing the steel, 
whereby a larger proportion of manganese can be intro- 
duced into the steel to neutralize the sulphur, without at 
the same time too highly carburizing the metal 

Unlike the ordinary Bessemer requirements (page 259), a 
comparatively large proportion of phospliorus and manganese 
is preferred in the pig-iron for the basic process, with a 
comparatively low percentage of silicon. But with respect 
to the last mentioned (silicon), if it be entirely absent or 
very low, then the blow becomes slow, and the temperature 
attained in the converter is deficient, hence a small propor- 
tion of silicon is necessary; but highly silicious pig is to be 
avoided, since it is very destructive to the basic lining, and 
produces an excessive amount of slag, besides prolonging the 
duration of the blow, and increasing the waste of iron in the 
process. 

Average samples of the pig-iron preferred for the basic 
process contain fi*om 0-5 per cent, to I'OO per cent., or 1*5 
per cent, of silicon. The manganese usually amounts to 
from 1*0 per cent to 2*0 per cent in these pig-irons, and it is 
desirable to this extent, as tending by its presence to a better 
elimination of sulphur during the conversion ; and further, 
the after-blow is often productive of an inferior metal of 
uncertain temper when the proportion of manganese present 
in the pig-iron is too small. But the most salient difference 
between the pig-iron for iise in the basic and in the ordinary 
Bessemer process respectively, consists in the large propor- 
tion, from 1 per cent, to 3 per cent of phosphoruSy which is 
required in the metal for conversion by the first-mentioned 
process. The higher limit of phosphorus last quoted is even 
preferred for the basic process, whilst, as previously noted^ for 
the ordinary Bessemer process, only haematite pig-iix)ns prac- 
tically free from phosphorus are availabla Phosphorus being 
thus desirable to a comparatively large amount in these pig- 
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irons, it is not unasual to mix tap-cinder with Spanish ores 
in the blast-furnace smelting mixture, for the production 
thereby of a cheap phosphoric pig-iron suitable for conver- 
sion into steel by the basic process. 

The high temperature attained by the charge during the 
ordinary (acid) Bessemer blow is dependent upon the oxida- 
tion or combustion of silicon, manganese, and carbon ; but 
when phosphoiic pig-iron is treated in the basic lined con- 
verter, besides the elements silicon, manganese, and carbon 
just recited, the phospkorua has to be considered as a 
heat-producing element, since it is chiefly to the high 
caloriflc power (5747 units centigrade) of phosphorus that 
the very high temperature attained in the after-blow of the 
basic process is due. As the temperature during the ordin- 
aiy Bessemer blow is largely dependent upon the proportion 
of silicon in the pig-iron, so in the afteu-blow of the basic 
process the temperature is higher, and the red smoke which 
issues from the mouth of the converter, during the same 
period, is more dense and copious when the proportion of 
phosphorus in the pig-iron is greatest. 

PRODUCTION OF SOUND CASTINGS, THE WHITWORTH PROCESS 
FOR COMPRESSING FLUID STEEL, STEEL-FACED ARMOUR, ETC. 

Bessemer or other steel ingots, especially of the softer 
tempers, when cast in moulds in the ordinary manner, are 
always open and spongy along the centre line, and present a 
more or less honeycombed character, especially towards the 
top of the ingot {^g, 62); if, however, the ingot be cast 
under the pressure of a very considerable head of metal, the 
lower portion may be sound, but the upper portion is still 
honeycombed or vesicular in structure. 

As previously stated, molten steel occludes, dissolves, or 
absorbs a considerable volume of certain gases, which gases 
are again to a large extent evolved as the metal changes 
from the liquid to the solid state ; but since the skin of the 
ingots is necessarily the most rapidly cooled and the first 
to solidify, it follows that the escape of these gases from 
the mass is in a large degree prevented, and the gases 
necessarily collect throughout the steel ingot, but especial Iv 
19—1. "^ 
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towards the upper end, and produce thereby the honey- 
combed structure just meotioned. 

The increase in volume due to the evolu- 
tion of the gases and their efforts to escape, 
is often manifested in the softer tempet-a 
of metal by the rising or boiling of the 
metal within the mould in a few seconda 
after the castjng operation; but the bonev- 
combed structure also frequently presents 
itself even when no rising of the metal has 
iToF TOK ^^'" "bBerved. 
Upper End op ^^ honeycomb or unsoundness above- 
A Bebsimbr 1h- mentioned can be mitigated by careful 
ooT. dead-smelting of the metal ; by teeming the 

steel at higher temperatures and in a carefully regulated 
stream ; by the addition of nUam (in the form of silico- 
ferromanganese), to the metal immediately before teeming in 
addition to, or in lieu of a portion of the speigeleiseu nsnally 
added ; hy external pressure applied through a solid hydrau- 
lic plunger upon the top of the fluid metal (Whitwortb's 
process) ; by the uae of gaseoua preanire as by steam or car- 
bonic anhydride ; by the stirring of the metai in the ladle 
before casting, or by the rapid rotation of the moulds upon 
ft revolving table during the solidification of the metaL 

218. Silicon Steel. — The use of silicon in the form of a 
highly silicious ferromanganese was introduced successfully 
by M. Pourcel of the Terre-Noire Works, for the production 
of sound steel castings, and is now very generally used with 
that object; but since silicon impairs the malleability and 
ductility of the metal besides necessitating greater care in 
the treatment of the metal under the hammer, it is not 
oRien used in the production of such mild steel as is nsed for 
structural purposes, and which requires to he hammered or 
rolled during ite manufacture. 

The silicon is introduced in the form of a silico-ferroman- 
ganese, containiog about 10 per cent, of silicon, with 18 per 
cent, or upwards of manganese, and which, after heating to 
redoeaa, is then added to the ladle containing the molten 
charge of Siemens' or Be&Beui«T ateel, immediately before the 
metal is ran into the moaUa. T\i««i^&'w)^S&'mMetQd bya 
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cessation of all ebullition and escapQ of gas through the cover- 
ing slag, which was previously going on in the ladle. The 
silico-ferromanganese is added in such proportion that the steel 
shall contain from 0*2 per cent, to 0*3 per cent, of silicon, 
whilst to neutralize this high percentage of silicon, man- 
ganese to the extent of not less than 1^ times the amount 
of silicon should be present in the steel. 

M. Pourcel considers that the action of siHcon in pre- 
venting the unsoundness or honeycomb in steel-castings is 
due to the greater oxidability of silicon over carbon, whilst 
the oxide of silicon, that is, sUica, is solid, and combines with 
manganous oxide to the production of a manganous silicate, 
which is liquid at the temperature of solidification of the 
steel, and so liquates from the metal. Mtiller questions this 
theory, and considers the effect of silicon to be due to the 
increased solvent action of silicon steel, whereby the gases, 
instead of separating, are kept in solution during the solidi- 
fication of the metal, and thus more solid and homogeneous 
castings result. 

219. Hadfteld's Manganese Steel. — Mr. Hadfield claims, 

by the introduction of 10, 11, or 12 per cent, of manganese 
into cast-steel, to have produced thereby sound castings, and 
a metal which does not require either tempeiing, rolling, 
forging, or hardening after being cast, but which possesses 
at the same time a considerable degree of malleability and 
ductility. To prepare such steel, he melts in a suitable 
furnace a ferromanganese low in silicon and carbon, but 
containing 80 per cent, or upwards of manganese, and ot 
this about 10 per cent, is added to the molten metal imme- 
diately before casting, which proportion yields a steel con- 
taining about 10 per cent, of manganese. 

220. Applications of Pressure to Pluid Steel.— Of the 
methods employing external pressure for the consolidation 
of steel ingots, the ordinary procedure with small ingots, is 
to insert a cast-iron stopper on to the top of the metal in the 
ingot-mould, or to fill up the mould with sand, and then 
«over the sand with a plate, which is wedged down into 
firm contact with the metal. These are all methods for pre- 
venting the rising of the metal in the iX!ka\>XdL «sA *^oRk 
honeycomb structure produced tliereby. 
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Sir Joseph Whitwortli has succeeded in overcoming this 
difficulty of unsoundness in steel ingots, by submitting the 
metal, while in its fluid condition, to very considerable pres- 
sure ; for this purpose the steel from the converter, furnace, or 
crucibles is run from the ladle into a steel mould lined with 
refractory material, and confitructed so as to allow of the free 
escape of gas from the metal whilst being pressed. The metal 
is subjected to a pressure of several tons upon the square 
inch, by means of large hydraulic presses, specially con- 
structed j such a press at the works of Sir J. Whitworth & 
Co., Manchester, being capable of exerting a total pressure 
of 8000 tons upon the fluid metal. 

During the application of the pressure, jets of gas burn 
from a series of vents around the top and bottom of the 
mould, ejectments of metal also not unfrequently occur, and 
often a flne metallic rain passes through the sand lining of 
the mould, and escaping by the vents already mentioned, 
collects upon the top plate of the mould. From the begin- 
ning to the end of the process the ingot of steel shortens 
about 1^ inches for each foot of its length. 

Steam at a pressure of from 80 to 150 or 200 lbs, has been 
applied by Mr. Jones of the United States to the consolida- 
tion of steel ingota For this purpose a steam receiver is 
attached to the side of the crane, or in any other convenient 
position, and is connected by cocks and flexible copper tubes 
with the movable covers of the several moulds. Each mould 
is secured to a plate at its base by clamps, bolts, and lugs, 
or by pins and cotters, and each mould is also provided with 
a loose cover having a conical seat which fits into a corres- 
ponding conical seat prepared in the top of the mould. The 
cover having been removed, the metal is run into the mould 
through a runner box, which is quickly removed after the 
casting is completed, and the loose cover which is connected 
with the steam arrangement is inserted in position, and then 
wedged down so as to make the joint as tight as possible. 
Steam is then at once admitted, and the pressure is allowed to 
i-emain on for five minutes, or until the metal becomes solid. 
This process is, however, generally discarded owing to the small 
pressures available, the vevy imperfectly steam-tight joints 
that can be rapidly made, aT\d t\ie> ^c^«c\i ^a&\.i<5t -^^^ moulds. 
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Carhanie anhydride has been used by Baron Krupp and 
others instead of steam. For this purpose Krupp proposes 
to have the carbonic anhydride (CO2) in the fluid state, and 
to hold it in a reservoir which is heated or cooled as required 
according to the pressure to be exerted, since the pressure or 
tension of the carbonic anhydride increases very rapidly with 
the rise in its temperature. The moulds are of steel, and 
have a cover secured to the same by bolts and wedges, the 
joint being made gas-tight by an expanding copper ring placed 
between the mould and cover. There is a hole in the centre 
of the top-plate through which the metal is run into the 
mould, and which is closed by a sliding wedge after the 
metal has been cast and its surface covered over with sand 
or other bad-conducting material. Communication is then 
made between the reservoir of carbonic anhydride and the 
oover of the mould, and the pressure regulated as above is 
chen applied. 

Rapid rotation of the metal in the moulds is attended 
with good results for special forms of castings. For the pur- 
pose of rotation, the moulds are attached to a table, which, 
as soon as the casting has been made, is set into rotation at 
the rate of from 40 to 50 revolutions per minute. 

A Mechanical Stirrer is proposed by Mr. Allen with the 
same object. The stirrer, which is suspended above the 
ladle, is lowei*ed into the same, after the charge of molten 
steel has been tapped into it The stirrer is then set into 
rotation, during which gases escape from the surface of the 
metal, and the ingots cast after such agitation are said to be 
more sound than when cast from the same metal without 
this agitation* 

221. Steel-faoed Armour. — For the pui*poses of armour, 
compound plates, formed of an outer face of comparatively 
hard steel, with a middle layer of mild steel, and an inner 
backing of soft malleable iron, all welded together so as to 
form one plate, have proved very successful for the purposes 
intended. The outer face of hard steel serves to resist pene- 
tration and the force of impact of the shot or shell, as also 
to break up the projectile, whilst the soft-iron backing pre- 
vents the hard steel from breaking \ip ww^et >i>aaWQr« <i1'^'t 
projectile. For the manufacture o? »vie^ ^dXfiia, ^ <iWXN.>^wa^^ 
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slab is formed, in which the propoi-tions of the sevei*al thick- 
nesses of face, backing, and intermediate metal to one another, 
vary according to the thickness of the finished plate, but 
generally the mild steel between the face and backing plates 
is made of about one-third the total thickness of the plate, if 
for heavy armour, and a little under this figure if thinner 
plates are to be produced. 

In order to prepare a compound slab for the production of 
an 8-inch plate, the face plate of the slab is made of steel 
containing from 0*5 to 0*8 per cent, of carbon, and is of about 
2 inches in thickness. The back plate is 12 inches in thick- 
ness, and is made of malleable iron containing about '047 per 
cent, of carbon. These two plates are heated to redness, and 
placed on edge in the moulding box, sunk for the purpose in 
a pit in the ground. The front and back plates are separated 
by distance pieces at the ends, so as to leave a space between 
them of about 5 or 6 inches, whilst steel bolts pass through 
the plates . so as to keep the whole together. The backing 
plate of the slab is placed against one side of the moulding- 
box, whilst the space between the other side of the moulding- 
box and the face of the front plate of the slab is filled in 
and rammed up with sand, as is alsp the space, being the 
ends of the moulding-box and the ends of the slab. A 
casting trough or runner box is placed along the length of 
the mould, over the space between the two plates, and from 
this several holes or gates deliver the fluid metal from the 
trough into the space between the iron and steel plates. 
Siemens' open-hearth steel is tapped as hot as possible from a 
ladle into the trough just mentioned, and the heat of the 
metal so introduced into the space between the front and 
back plates is sufficient to heat up the two plates, so that as 
soon as the compound slab thus formed has cooled down to 
redness, it may be lifted as one slab, and, after reheating, 
may be passed at once to the rolls to be rolled down to the 
required dimensions, after which treatment the union of the 
hard steel face, the middle of mild steel and the wrought-in 
backing plate, appears to be perfect. 

When cold the compound plate is taken to the planing 

machine, where the ends aivd sides ai*e parted off, and in 

reducing the plate to t\\e ^la&Yi^^ ^\xsi^\i^\w\a^\,W end dis- 
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tance pieces and the steel bolts, etc., used in preparing the 
moald, are separated from the plate along with the other 
scrap. 

222. Soft or Mild Centred Steel. — For certain purposes, 
as for the manufacture of taps, etc., where it is desired to 
make an article of a material, such that, while it may be 
hardened at the surface or working part, will yet retain the 
toughness due to the metal in its soft state, a variety of steel 
has been introduced, known as mild centred steel, in which 
the surface of the metal is much more highly carburized than 
the central part or core of the ingot or bar. In the manufac- 
ture of this class of steel, the ingots are cast of very mild 
steel in the manner already described ; these ingots are then 
cogged (hammered) down, and afterwards introduced for 
conversion into the converting furnace (fig. 50, p. 214), where 
they are exposed for carburization, after the manner of ordi- 
naxy bars L the converting process. In this manner the 
exterior of the ingot becomes carburized to a depth deter- 
mined by the duration of the process, while the centre retains 
its original softness; and after again hammering or rolling 
to the sizes required, the steel is ready for use. 



CHAPTER XL 

TIN. 

This metal is of high antiquity, the Phoenicians, before the 
Christian era, having fetched the metal from the British 
Isles. 

Tin is one of the whitest metals, possessed, however, of a 
peculiar faint yellowish tinge; it rivals silver in lustre, and 
when warmed emits a faint odour. A bar of the metal 
when bent produces a peculiar crackling sound, known as 
the cry of tin, supposed to be due to its crystals grinding 
over each other during the bending movement. Tin is one 
of the least tenacious of the metals, only lead and zinc being 
inferior to it in this respect, a wire 2 m.m. in diameter 
breaking under a load of 24 kilogrammes. It is very 
malleable; by hammering and heating, tin-foil can be ob- 
tained of not more than j^nnr ^^ ^^ inch, in thickness; sudi 
foil, amalgamated with mercury, forms the silvering on the 
back of glass mirrors. Tin is easily obtained in crystals, 
behaving in this respect much like lead and bismuth. The 
appearance known as moirie mMdUique is formed by treating 
the surface of metallic tin with a mixture of ten parts of 
diluted sulphuric acid, with one part of diluted nitric acid, 
when the surface of the metal becomes covered with a mass 
of crystalline forms, giving this well-known ornamental 
appearance. The specific gravity of tin is 7*251, its linear 
dilatation from 0°C. to 100°C, is ^^ of its lengtL It melts 
at 230° C, and may be exposed to a strong heat in a hraaqued 
crucible, without loss of weight. If heated in the air, it 
rapidly oxidizes to stannic oxide (SnOg); melted at a low 
temperature, and poured out, it retains, if pure, its resplen- 
dent lustre for a considerable time, the brilliancy of the 
surface being one test oi ita igivm.ty, for^ if impure, the but- 
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face will be more or less frosted, according to the amount of 
impurity present. It undergoes Httle change in dry or 
moist air (free from sulphuretted hydrogen) at ordinary 
temperatures, and ia hence used for coating iron which is 
required to resist the action of moisture, the iron afibrding 
strength to the plate, while the coating of tin on its surface 
prevents the rusting away of the iron. Tin has a conduc- 
tivity for heat less than half that possessed by silver; its 
surface takes a fine polish, when the radiation from it is also 
small; hence its value as a material for the manufacture of 
teapots, and other culinary utensils. It decomposes water 
at a red heat, is easily soluble in hot hydrochloric acid, 
with the evolution of hydrogen; boiling sulphuric acid acts 
violently on the metal, evolving sulphurous anhydride (SOg), 
while the dilute acid acting in the cold, liberates hydrogen. 
Tin is soluble in the fixed alkalies, and diluted nitric acid 
acts violently upon it, liberating nitrous fumes, and convert- 
ing the tin into metastannic acid. The chemical symbol of 
tin is Sn, and its atomic weight 118. 

Tin reduces copper, lead, bismuth, and antimony when 
heated with their oxides. Commercial tin often contains 
minute quantities of lead, iron, copper, arsenic, antimony, 
bismuth, and tungsten; and less frequently manganese, zinc, 
and molybdenum. 

The only compounds of tin with the non-metallic elements 
which are of metallurgical interest, are its combinations 
with sulphur and oxygen. 

223. Stannous Sulphide. — Tin and sulphur combine 
readily on the application of heat; the resulting mass of 
stannous sulphide (SnS) generally contains, however, metal- 
lic tin. The product is not so fusible as tin, and is some- 
what difficult to pulverise. Sulphide of tin, when roasted 
with access of air, is resolved into sulphurous anhydride 
(SO2) and stannic oxide (SnOg). The sulphides of tin, 
when heated with iron, suffer decomposition, the result being 
a compound of sulphur, iron, and tin. 

224. Stannic Sulphide. — Stannic sulphide (SnS^), or 
mosaic gold, is a scaly, micaceous, unctuous mass, somewhat 
resembling gold in appearance; a strong b.ea.t dfi««vsc^'essa» S^ 
into stannous sulphide (SnS) and ixee sv]\^\«. ^^Sccfi^ ^yso^r 
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pound cannot be formed by the direct union of tin and 
sulphur, but is prepared by making an amalgam of two parts 
of tin with one part of mercury, trituratiug this amalgam 
with one part of sal-ammoniac (KH^Cl) and one and a 
quarter of sulphur, then subjecting the mixture to a gentle 
heat (not too strongly), when the stannic sulphide remains at 
the bottom and around the sides of the vessel, in the form of 
gold-coloured spangles, and hence the name. 

225. Putty Powder. — ^This substance is a crude peroxide of 
tin (SnOg), used for giving an opaque whiteness to enamels, 
and for grinding glass, etc. It is prepared by heating 
metallic tin on the bed of a reverberatory fiirioace, and 
raking off the crude oxide or dross as it 4 fonnedi this 
dross is then subject to calcination, when it becomes whitish 
in appearance, and after grinding to powder constitutes what 
is known as " putty powder." 

226. Ores of Tin. — Tin-stone, cassiterite or streoTn-Hn 
(SnOg) may be said to be the only ore of tin; it is black or 
brown in colour; the variety occurring in granite is usually 
more translucent, paler in colour, and much purer than that 
occurring in other rocks, the grey ores often containing a 
considerable amount of silica. Its specific gravity ranges 
from 6*3 to 7*1. As occurring in Cornwall, it is more or 
less mixed with a gangue of fluor-spar, wolfram, porphyry, 
granite, galena, blende, copper and arsenical pyrites, mis- 
pickel, chlorite, etc., and, in fact, specimens of nearly four- 
fifths of all the known minerals are found as associates of 
tin ores under difierent circumstances; tin ores require, 
accordingly, a series of careful and somewhat complicated 
dressings, including sta/mping, picking, and washing before 
being ready for the metalliu*gical treatment proper. When 
this mineral presents, on breaking, the appearance of a 
number of concentric layers, it is called wood-tin. Tin- 
stone occults as grains or rounded detached masses in the 
old alluvial soils of Brittany, Saxony, Bohemia, East Indies, 
etc., in which form it is known as stream-tin, A mass of 
rock, containing only from J to 1 per cent, of tin-stone, 
may be profitably worked. Cornwall and Devon afford the 
largest deposits of tin-stone, but tin ores also occur in 
Malacca, the island of Banca, in Bolivia, and in smaller 

quantities in the Isle of Man, France, Spain, Eussia, etc. 
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Tin pyrites, helJrmetal ore or stannous sulphide, is brass 
yellow in colour, has a metallic lustre, and contains vary- 
ing amounts of tin, copper, iron, zinc, and sulphur. No use 
is made of this ore for the extraction of tin. 

The tin ores are carefully sorted by the stamping/picking, 
and washing processes into three qualities, according to 
their purity : the 1^ quality is the purest and richest in tin, 
and is smelted separately for tin of the first quality ; the 2^ 
contains tin and other metals, and the 3^ contains copper. 

227. Roasting. — ^The ores of tin as they leave the mines 
still contain sulphur, iron, and arsenic, and are first roasted 
in large reverberatory furnaces (calciners) in charges of 
from 6 to 8 cwts. The charge is rabbled at intervals of 
from twenty to thirty minutes; and the temperature, especi- 
ally at the commencement, is kept down so as not to 
agglutinate the sulphide of tin, otherwise the decomposi- 
tion and oxidation ceases, and the mass requires re-grinding. 
The calcination is completed in from 12 hours to 18 hours, 
when the mass is drawn from the calciner, exposed to the 
atmosphere for a few days, and then transferred to a large 
tank containing water ; the heavier portions containing the 
larger quantity of metal are collected at the bottom of the 
tank, and are sold to the smelter as black tin. 

The result of the calcination or roasting has been to vola- 
tilize the arsenic as arsenious anhydride (AsgOg), and to 
expel the sulphur largely as sulphurous anhydride, while the 
mass still retains cupric sulphate with ferric, stannic, and 
other oxides, of which the first mentioned is dissolved out 
in the lixiviation, while the ferric oxide, etc., is separated 
from the heavier stannic oxide by washing. 

228. Reduction. — ^This operation involves two stages : — 

1. Smelting, in which an impure tin is obtained, contain- 
ing as its impurities chiefly iron and arsenic. 

2. Refining of this impure tin. 

The smelting of tin ore aflbrds an example of a case of the 
simple reduction of a metallic oxide by carbon, with the con- 
version of the veinstvff or gangive into a fusible slag, but a 
high temperature is required to. effect the decomposition. 

The smelting of hlack tin is now usually performed in 
reverbei-atoiy furnaces, of which the roof is kept as low as 
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poHsible, mth a view to the economy of fueL The fumaca 
shown, fig. 63, has a fireplace A. about 2 feet long, with 
the stack B at the opposite end of the bed ; the fire-biidge E, 
aboat 14 inches in depth, is hollow, and without the usual 
cast-iron bridge plate, tiie fire being kept np above the bridge 





Fig. 64.— Plam 



during the smelting operation; the bed C, about 18 feet 
in length and 9 feet across, ia made shallow, and inolinea 
from all parts towards the tap-hole D, at the opposite 
side to which are the doors Q, through which the ^arge 
ia rabbled. Below the t&i^bole is the afloat H, a quad- 
roDgular or circtilaE tasin <:^ fiiiw*A«sii. \sosi. -wJih clay. 
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into which the metal is tapped from the furnace; on the 
right side of the float is placed a kettle of cast-iron, set over 
its own fireplace, and in this kettle the operation of refining 
is performed. The bottom of the furnace is formed of iron 
bars, which are laid transversely, and on these rests a bed of 
slate, above which is a bed of from 7 inches to 8 inches in 
thickness of fire-clay, and resting on this are fire-bricks 
built on end. A bottom thus prepared lasts about three 
months. Above the refining kettle or basin is placed a 
pulley, from which is suspended an apparatus by which 
billets of wood may be plunged to the bottom of the pot, 
and at the same time receive a rotary motion. 

The charge of 24 cwt. of ore, yielding a produce of about 65 
per cent of metal, is mixed with one-fifth of its weight of an- 
thracite, and is spread over the bed of the furnace; sometimes 
a little slaked lime or fluor-spar is also added to assist in tho- 
fusion of the gangue ; the side doors are then luted up and 
the tap-hole is stopped with clay. The heat is now gradually 
raised; for if raised too rapidly a loss occurs from the forma- 
tion of stannous silicate, which escapes reduction. In about 
five hours after charging the mass is well rabbled, and a 
quantity of culm (anthracite) is thrown into the furnace; the 
mass is again rabbled after a lapse of about forty-five minutes, 
and the metal is ready for tapping after a fuHher interval of 
fifteen minutes. After tapping, a scoriaceous mass remains 
on the furnace bottom, containing shots of metal and particlea 
of anthracite ; this is raked out through the end door K, and 
forms what the smelter calls slag^ though the true fused slag, 
called by him glasa^ runs out of the furnace with the metal 
on tapping. The glass is essentially a ferrous silicate, and 
when solidified is removed from the top of the metal in the 
pot or float, and put aside ; the scum on the surface of the 
metal is also skimmed ofil For working off this charge of 
ore about 15 cwt. of coal is required as fuel, and 5 cwt. of 
anthracite for the reduction of the metal. The slags produced 
in this smelting, and which are again smelted for tin when the 
furnaces are not busy, are essentially ferrous and aluminous 
silicates, with small proportions of the oxides of tungsten^ 
magnesium, calcium, and manganese, W\. fiX^RVj^ <iWi.\»^ccK«v'= 
a considerable proportion of tin*, lo. aoxxi^ e»sfe'&^ ««» \sx "^^^ 
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following specimen, as much as 21 per cent, of tin occurs in 
the slag. 

Glass Obtained ix Sueltehg Tts. 

Silica, 36-77 

Blue oxide of tangBten, .... 4*93 

Stannons oxide, 23*87 

Ferrous oxide, 19*3D 

Manganons oxide, 0*47 

Alumina, . 11*71 

Lime, 1*83 

Magnesia, 0*66 

99*54 

229. Befining. — The whole of the tin for commerce is 
subjected to the retining operation, although we see quoted 
eoTTvnum, refined and grain tiny the difference beii^ that the 
refined tin is made from the best ores and boiled longer in 
the refining operation than is common tin ; while, for the 
production of grain tin, the finest pigs are heated just below 
their melting point, and allowed to fall from a considerable 
height, when the metal breaks in the form of long grains. 

Before the refining proper, the tin undergoes a process of 
liqiuUion, that is, the pigs of tin are placed upon ^e bed of 
a reverberatory furnace similar to the last, except that the 
bed is made to slope rather more. About 18 tons of pigs 
are placed in the furnace and arranged near the bridge ; the 
temperature is raised and carefully regulated so as to be only 
sufficient to melt the tin without wholly melting the pigs, 
the tin then flows or liquates continuously away into tiie 
kettle, leaving on the furnace bottom a somewhat refractory 
and very hard mass, known as hard-head, into the composi- 
tion of which enters about 50 per cent, of iron, 20 per cent, 
of tin, 20 per cent, of arsenic, 2 to 3 per cent, of sulphur, 
and a trace of copper. As the tin liquates or runs away, 
more pigs are added until the kettle has received its fiiil 
charge. When the kettle, which is about 4 feet 6 inches in 
diameter, and heated by its own fire, contains about 7 tons 
of metal, billets of green wood (by preference the apple tree) 
are introduced and kept depressed, by the appliance pi*eviously 
mentioned, below the sui*face of the melted metal. The gases 
disengsiged from the wood cause the tin to boil up, and u 
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skiim consisting chiefly of iron, tin, and arsenic, or the same 
as that left on the furnace bottom after liquation, forms on 
the surface, and is skimmed off from time to time. The re- 
fining is from one hour to eight hours in duration, according 
to the amount of impurities present, and also whether com- 
mon or refined tin is the object of the operation, but the 
average time is from two to three hours. 

For common tin, the metal is ladled from the kettle into 
the moulds while the wood is still maintained beneath the 
surface, and fresh metal continues to run in from the furnace; 
but for refined tin, besides being made from the purer ores, 
the refining is continued' longer, the wood is withdrawn, and 
the metal allowed to separate into layers before lading is com- 
menced; the upper strata or layers, being the purer, are set 
aside for grain tin, the middle as common tiny while the lower 
are still so impure as to require again liquating. The moulds 
into which the tin is ladled are usually made of granite, and 
the product is sold as block tin. 

Instead of the boiling or poling just described, a process of 
tossing is sometimes followed, that is, the melted tin is raised 
in ladles and allowed to fall for several feet through the 
atmosphere into the refining vessel, thus exposing a large 
surface to the cooling influence of the air, whereby the less 
fusible metal, luMrd-head, containing the impurities of the tin, 
separates and floats on the surface as a skum, which is re- 
moved while the purer tin liquates out. The scum or hard- 
head produced in this operation, has a similar composition 
to that left on the furnace bottom in the furnace liquation 
described. 

If specimens of the metal, ladled into small stone ingoi 
moulds, retain their bright clear surface with full rounded 
sides until cold, the metal may be classed as refined or grain 
tin; but if the metal, though bright when hot, acquires a 
frosted appearance at the moment of solidification, and is 
also not so round and full at the sides, it is classed as comm>on 
tin; and should the metal have a yellowish tinge, and exhibit 
striae or a frosted appearance before solidification, it requires 
further liquation and refining. 

In Germany, tin is still smelted in the blast furnace with 
•ehai-coal as the fuel, and in this manner much of the purer 
tin, known as grain tin, is still produced; but the loss of 
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metal and consumption of fuel are much greater than in the 
reverberatory furnace, and hence its use has been altogether 
discontinued in England. The tin smelted in blast furnaces 
with charcoal as fuel, is reported, however, to be purer than 
when the reverberatory furnace is employed. 

The furnace employed at 
Altenberg is a low blast 
furnace, built of large 
blocks of granite or por- 
phyry, surmounted above 
by a hood, the blast being 
supplied by bellows; the 
ore, with reducing agent 
and flux, is introduced at 
the top, and in about four 
hours the metal begins to 
run from the tap-hole, the 
furnace being kept filled 
with smelting materials 
while the smelting opera- 
tion continues. As the 
smelting proceeds, the 




Fig. 65. — Blast Furnace fob 

THE SmELTINO op TiN. 



metal and slag run out together along a channel provided 
for the purpose, and collect into a basin, from which, as it 
fills, the slag which floats on the surface is passed down an 
incline a into another receptacle h full of water ; after which 
treatment the slag is easily broken up for subsequent re- 
smelting, the metal being tapped as the basin fills into another 
vessel at the opposite side to that which receives the slag. 

230. Oxland's Process. — ^Wolfram, a tungstate of iron and 
manganese frequently present in tin ores, cannot be separated 
from the tin-stone by any mechanical treatment, by roast- 
ing operations, or by treatment with acids ; and should it 
be present in considerable quantity, it renders the tin difii- 
cult to fuse during its reduction. The process patented by 
Mr. Oxland has for its object the removal of the wolfiam 
from tin ores, by converting it into a soluble tungstate of 
soda, which can then be dissolved out by lixiviation. For 
this purpose the ore is treated with carbonate or sulphate of 
soda, in a reverberatory tocnaft^ oi ^-^Ci^sai oanatruction; the 
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hearth of the furnace being formed by an iron pan, arranged 
80 that the flame from the fireplace, after passing over the 
pan or hearth, is directed backwards beneath the pan to the 
chimney. By the use of an iron pan, instead of a brick or 
other siliceous bottom, the formation of silicates of tin is 
prevented. The charge of from 6 to 9 cwt. of ore is placed 
on the bed of the furnace, and^rom 9 to 12 cwt. of carbonate 
of soda or crude soda is spread over the heated ore. The 
mass is stirred or rabbled every fifteen minutes, and a quan- 
tity of coal is thrown to the back of the hearth about every 
half hour. In about six hours the operation is completed, when 
the pasty mass is drawn from the furnace, allowed to cool^ 
and then broken up in the stamping mill into pieces of the 
size of an egg; to facilitate this disintegi*ation, about 25 per 
cent, of quartz is added, which in the mill serves to break 
the hard alkaline crust which has formed around the pieces 
of tin ora The mass is now repeatedly washed, and the 
coarser portions are restamped; while sometimes a second 
fusion with carbonate of soda is necessary. 

If sulphate of soda be used instead of the carbonate, the 
loss of tin from the formation of stannates of soda is not so 
great, but the management of the process is more difficult, 
requiring gfeater care for the maintenance of the proper 
condition of the flame. The charge of ore, sulphate of soda, 
or salt cake and small coal, is heated in a reverberatory 
furnace, a reducing flame being maintained until the sulphate 
of soda is reduced to sulphide of sodium, when a bright 
oxidizing flame is required to effect the decomposition of the 
sulphide, with the formation of tungstate of soda; after six 
hours the charge is drawn and thrown into a cistern of water, 
when the tungstate of soda is dissolved as before. 

231. Tin and Iron. — These two metals have a great 
affinity for each other; in tin plates, at the junction of the 
tin and iron, there exists a true alloy of the two metals. Tin 
containing 2 per cent, of iron is magnetic, hard, and sensibly 
duller in lustre than pure tin. Cast-iron alloyed with about 
5 per cent, of tin is hard, and exhibits a steely fracture; and 
0*5 percent, of tin in malleable iron renders it hard and 
unworkable under the hammer in the cold state. "Whec^ >&». 
alloy of iron and tin containing an exceaa cS. ^Oa.^ ^a^*\fc^ Ss^ 
19—1. ^ 
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heated oontiimooslT, a portion of the tin will liquate from 
the alloj, and theiv remains behind a more <^ less infdsible 
alloy of iron and tin, ocMTeqionding to the hard-head already 
mentioned nnder Uie refining of tin. An alloy of 80 parts 
of tin with 10 parts of ircm has been proposed instead of 
pore tin for the tinning of oc^per aten8il& 

232. Tin Platen — ^What are known as tin plates in com- 
merce are tbin plates of ircm or steel, coated or alloyed on 
their sorfAce with metallic tin. In snch plates the iron 
giTes strength to the plate, while the tin prevents the rust 
or oxidation of the sorfaoe, whi<^ takes place when iron 
plates are exposed nnprotected to the action of air and mois- 
ture. For the manufactore of tin plates, and especially for 
the better qualities, the iron is subjected to a special refining, 
in which the fuel employed is entirely diarcoal, and the plates 
produced are known as charcoal plates^ whilst the inferior 
variety of tin plates, known in the market as coke plates or 
cokes, are made from puddled iron. The manufacture of the 
iron plates required for the producti<m of tin plates has been 
noticed under iron, and the treatment of the bars after leav- 
ing the reiinery will only be described in l^iis place. 

The bars of refined iron (tin-plate bars) are cut to the 
proper length for the size of plates to be produced, when the 
bars so obtained are heated to duU redness, and passed several 
times through a pair of narrow rolls; the plate thus produced 
is doubled upon itself, and a little coal dust is introduced 
between the sni-faces to prevent their adhering together. 
The ragged edges produced by the previous rolling are cut 
off, and. after reheating, the double plate is again rolled; this 
operation of doubling over, reheating, and re-rolling, is re- 
peated, until the ,plate has acquired the necessary thinness, 
and the final plate consisting of 4, 8, 12, 16, or 32 thick- 
nesses, leaves the rolls as though it were one plate ; but the 
heat has been so r^ulated as to prevent the plates welding 
together during the rolling, except in odd and accidental 
cases. The several folds of the plate are now sepai-ated, 
and the plates are cut to the proper dimensions. Before 
the black plates thus obtained can take the coating of 
tin effectually, it is necessary to clean the surface of the 
plate from all adhering oxide or scale formed during 
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tbe heating and rolling processes, and for this purpose 
the J pass to the pickling room. The blcuik plates for the 
purposes of pickling are placed on edge upon a suitable 
carriage or cradle, so as to leave a space between each plate 
for the circulation of the pickling liquid between them. The 
cradle is suspended from one arm of a kind of crane, and 
the whole is dipped or immersed in warm dilute sulphuric 
acid, each cradle holding about one ton of plates at a charge. 
After agitating the plates for some time in this bath, known 
as the black pickle, the cradle and its charge of plates are 
withdrawn, another charge having, in the interval, been pre- 
pared for dipping into the same bath, and in this manner 
the bath is kept in constant operation. The plates of the 
charges just withdrawn from the pickle are unpacked, and 
either scoured with sand under water, or are simply washed 
or swHled in clean water, so as to clear them from acid and 
any loose scale. Instead of lowering a carriage into the 
pickle, as above, by a dipping crane, an arrangement of 
bath, with a series of endless chains working in the same, is 
adopted in some works. In this case the workman, at one 
end of the chains, places the plates singly upon the chains 
as they travel. The plates are thus carried through 
the bath to the other end, where they are received by an- 
other workman, who swills or rinses them in clean water 
in a cross channel across the head of the pickling bath. 
Instead of using dilute sulphuric acid, in some works the 
black pickle is made' of crude hydrochloric acid in the pro- 
portion of 8 lbs. of acid to about 6 gallons of water. The 
plates after pickling require annealing, for which purpose 
they are packed into a cast-iron box about two feet square, 
from which the air is carefully excluded by luting on 
the cover. Several of these boxes are placed together 
in a kind of reverberatory furnace, where they are main- 
tained for about twelve hours at a cherry-red heat, just 
insufficient to make the plates adhere together, when, after 
cooling, the plates are cold rolled, which gives to them a 
smooth and somewhat lustrous appearance. After again 
annealing, the plates are subjected to a second pickling, 
in the so-called white pickle, but the duration of the immer- 
sion is shorter than in the previous pickling. The white 



292 mTALLURGT. 

pickle, like the first bath, is also composed of dilate sulphnric 
acid, and an arrangement similar to the last is adopted for 
inserting the annealed plates into the bath. The plates on 
withdrawal from this pickle present a white frosted appear- 
ance, and are then ready for the tinning operation. 

The tinning apparatus consists of a range of six pots 
placed over suitable fires, and called respectively the tinman's 
pot, tin-pot, washing-pot (divided into two compartments), 
grease-pot, cold-pot, and the list-pot. The plates are first 
immersed in the melted grease of the tinman's pot, until all 
moisture is evaporated from their surfaces; fr^m here thej 
are introduced into the melted tin, contained in the tin-pot, 
the surface of which is covered by a layer of grease ; the coat- 
ing or tinning is not completely efiected here, and the plates 
are transferred to the first division of the wash-pot, also con- 
taining melted tin, where the plates remain untU the coating 
is perfect, and the excess of tm has run from the surface, to 
complete which the workman takes each plate and wipes both 
sides of it with a brush of hemp; to remove the streaks left 
by the hemp, the plate is then quickly dipped into the second 
division of the wash-pot, containing the purest melted tin; 
from whence the plates are removed to the grease-pot contain- 
ing melted grease, maintained at a heat regulated so as to allow 
the excess of tin to run off^, and also to cool the plate uni- 
formly, and prevent any unequal contraction of the iron plate 
and the tin on its surface. After ten minutes immersion in 
the grease-pot, the plates are inserted in the melted tallow 
contained in the cold-pot. To remove the bead or thick 
wire-edge of tin, which has drained down and collected at 
the lower edge of the plate, it is inserted into the list-pot, 
which contains a depth of about ^ inch of melted tin at a 
moderately high temperature, whereby the wire of tin is 
melted, and then by striking the plate sharply with a stick 
the metal is detached. The plates now only require inibbing 
with bran to clean them from grease and dirt, and after- 
wards with a sheep-skin, when they are ready for the 
market. 

Instead of simply dipping the plates into the molten tin, 
and then draining the same in the manner above described, in 
many of the South Wales works a pair of finely finished rolb 
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revolve within the bath of molten tin contained in the 
^ash-pot, and between these rollers the plates pass as they 
leave the bath, whereby any superfluous tin is removed and 
saved. By the use of these rollers also, the formation of 
any rim or list of tin upon the lower edge of the plates is 
prevented, and the list-pot therefore becomes unnecessary. 

233. Terne Plate is the name applied to an inferior variety 
of tin plate, in which the iron is coated with an alloy of about 
two-thirds lead and one-third of tin, instead of with pure tin. 

234. Bronza — ^The composition of bronze varies consider- 
ably, ranging fix)m 75 to 96 per cent, of copper, with £rom 
25 to 5 per cent, of tin; the ancient bronze consisted of 
90 per cent, of copper and 10 per cent, of tin, figures repre- 
senting the composition of what is now known as gun-metalf 
the use of which for ordnance, except for guns in India, has 
been discontinued. The bronze coinage consists of 95 per 
cent, of copper, 4 per cent, of tin, with 1 per cent, of zinc; 
the old bronze of statues, etc., contains zinc, and frequently 
lead, the zinc being said to prevent the formation of 
cracks or Assures in castings of bronze, which would other- 
wise appear. 

Bronze is of a yellowish-grey colour, and if cooled slowly, 
is very sonorous, brittle, and hard; but if heated to redness, 
and cooled quickly, as by immersion in water, it is rendered 
soft and workable, in this respect behaving in an exactly 
opposite manner to steel under the same treatment. It is 
very tough, is hardened by hammering, and is malleable at a 
temperature a little below redness. Bronze is not readily 
affected by exposure to the atmosphere, but on long continued 
exposure, its surface becomes coated with a tilm of carbonate 
of copper, suboxide of copper, and Dr. Percy has detected 
crystals of stannic cxide. Its specific gravity is greater than 
the mean of its constituents, and it is more fusible than 
copper. 

The preparation of bronze requires considerable care, since, 
owing to the very wide difference in the melting points of 
3opper and tin, tiie latter has a tendency to separate, and 
the alloy to form into strata of very va^g composition. 
The manufacture of bronze consists of two stages: 1^ The 
tin is melted in crucibles and alloyed with its own weight , 
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of copper, the resulting alloy being known as the white 
alloy or hard onetal ; and 2^ the various bronzes are then 
made from this white alloy by melting the copper sepa- 
rately, and, while melted, adding it to the white alloy in 
amount necessaiy for the production of the required bronze. 
For casting large guns or other large articles, or masses 
requiring great care, the alloy is melted in reverberatory 
furnaces of special construction, with round or oval hearths, 
wood being employed as the fuel. When the copper, or 
copper and old bronze, has been placed on the bed of the fur- 
nace, the heat is raised rapidly. The tin, as being the most 
affected by oxidation, is not inserted until the copper is com- 
jiletely melted; but when the copper is melted the tin is 
charged into the furnace and pushed to the bottom of the 
bath of molten copper, the surface of the fluid metals being 
covered with charcoal, and access of air to the hearth pre- 
vented as thoroughly as possible. • The tin is introduced in 
the foim of small pigs which facilitates its fusion, and the 
mass is continually stirred or poled with a pole of birch- 
wood, 80 as to keep the alloy as liquid and homogene- 
ous as possible; and any scum which rises to the surface 
18 removed as it forms. In making bronze for statues or 
other objects, where strength and definite composition are 
not material, rough old copper, with adhering solder, etc., 
are frequently used, and hence the introduction of many 
impurities into bronze of this class. 

235. Bell Metal. — ^This is an alloy of copper and tin, 
containing usually from 70 to 80 per cent, of copi)er ; but 
it is usual to call all alloys with from four to two parts of 
copper to one of tin as "bell-metal" The bell at West- 
minster (Big Ben) was specified in the contract to consist 
of 76 per cent, of copper and 24 per cent, of tin. Anti- 
mony is occasionally found in bells, especially in the older 
specimens. 

236. Speculum Metal. — This is a very hard, brittle, steel- 
grey alloy, capable of receiving a very uniform and highly 
(lolished surface; it contains about 30 per cent, of tin, or 

aitout two parts of copper to one part of tin ; from 2 to 3 

per cent, of ai'senic is also som^VVm^^ «A^<5i6l for the purpose 

_af hardening it, and rendenng \\i xhoy^ ^>as>R&^\i^^ ^1 ^W^ 
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polish. Its composition on cooling, after fusion, remains more 
uniform than the previous alloys of copper and tin. 

287. Pewter. — Pewter is a very malleable alloy of lead 
and tin, of very variable composition. The common variety 
is composed of 80 parts of tin to 20 of lead; while for plates^ 
teapots, etc, the siloy is void of lead, but contains 89 per 
cent, of tin, 7 per cent, of antimony, with 2 per cent, of 
copper and 2 per cent, of bismuth. 

288. Britannia MetaL — This is an alloy of tin, antimony, 
bismuth, copper, and zinc, in very variable proportions, which 
is highly malleable, and can be rolled out and spun into 
various shapes. In its preparation equal parts of plate brass, 
bismuth, antimony, and tin, are melted together, and the 
resulting alloy added to melted tin, until the proper colour 
and hardness for its desired use is obtained : that for spin- 
ning: contains about 94 parts of tin, 5 of antimony, and 
1 of copper; whUe for rolUng the portions of 90 parte 
of tin, 7 of antimony, and 3 of copper are added ; while the 
metal for casting teapots, etc., in hollow moulds, consists of 
about 84 parts of tin, 10 of antimony, 4 of copper, and 2 of 
bismuth. 

239. Tin and Zinc. — ^These alloy well together on fusion; 
the zinc increases the hardness, but lessens the ductility of 
the alloy. 

240. Amalgam, etc. — The amalgam used for the rubbers 
of electrical machines, consists of 25 parts of tin, with 
25 of zinc, and 50 of mercury. Gold forms a malleable 
aUoy with pure tin, whose specific gravity is above the 
mean of its constituents; with silver, also, a white malleable 
and readily oxidizable alloy may be obtained. 

241. Tin and Lead. — ^These metals alloy well together in 
all proportions, the metals not separating on cooling after 
fusion, as occurs when the lead is replaced by copper. 
Pewter, already mentioned, and plumber*8 solder, are alloys 
of this class; the hardness and tenacity of these alloys are at a 
maximum when the metals are present in the proportion of 
three of tin to one of lead. Plumber's solder varies in compo- 
sition, containing from 30 to 60 per cent, of tin, the remainder 
being lead. Type metal is an alloy of e(\ual i^«xt& ^^ ^s^isk- 
mony and tin, with two oi lead. Fumble oXIo'vj Ss^ ^\i!^^ 
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which melts at 200^ F., or below the temperature of boiling 
water, and is accordingly used for plugs and other pui* 
poses, where the temperature is required not to exceed 
^lis limit; it consists of eight parts of bismuth^ four of 
lead, and four of tin; the addition of a little cadmium to 
tliis alloy constitutes WoocPs oIIot/, which fuses at 145°F. 
or 63* C. 

242. Tinned^ Pins. — Brass pins are coated ¥rith tin, by 
boiling them with cream of tartar, common salt, alum, granu- 
lated tin, and water ; the action is partly chemical and partly 
electrical, the zinc of the brass separating the more electro- 
negative metal tin from its solution, and depositing it on 
the sur£ace of the pins. 

243. Tinning of Copper. — ^The operation of tinning copper 
utensils or copper plates is very readily effected. For this 
purpose the surface of the copper plate is first rendered 
smooth by rubbing it with a fine sandstone, after which the 
plate is heated and its surface is rubbed over with salammoniac 
(KH^Cl), the effect of which is to remove any oxide of copper 
from the surface of the plate, and to leave it perfectly dean 
a^d bright; asmallquIWoftiB, or tin aUoS^S ^4 lead, 
along with a little powdered resin, is now placed upon the 
copper, and the plate is again heated, when the resin is the 
first to melt, and coats the plate with a coating which pre- 
vents oxidaty>n from the contact of the heated plate with the 
atmosphere, when, as the tin melts, it is spread with a piecQ 
of tow over the surface of the copper, to which it becomoi 
perfectly united. 



CHAPTER XII. 

ANTIMONY. 

244 Properties. — ^Antimony is a bluisli-wliite, very Ifrittle 
metal, which crystallizes in the rhombohedral system, giving 
rise to the stellate or fern-like markings occurring on the 
surface of the metal as cast in the form of cakes; its density 
is about 6*8; it fuses at a temperature near 430^0., and is 
slowly volatilized at a white heat in an atmosphere of hydro- 
gen; it is not sensibly altered by exposure to the atmosphere 
at ordinary temperatures, but at a red heat it bums with a 
bluish-white flame, with the production of thick white fumes 
of antimonious oxide (SbgOg). Heated with strong sulphuric 
acid, sulphate of antimony is produced with the evolution of 
sulphurous anhydride (SQ^), while the dilute acid is without 
action upon the metal. It is rapidly oxidized without solu- 
tion upon treatment with nitric acid, the degree of oxidation 
depending upon the concentration of the acid. Powdered 
antimony is attacked by boiling hydrochloric acid with the 
evolution of hydrogen, but in the massive state it is not 
affected by the treatment. Antimony and sulphur readily 
combine under the influence of heat. The chemical symbol 
of antimony is Sb, and its atomic weight is 122. 

246. Impurities in the Metal. — ^The most frequent im- 
purities occurring in commercial antim^ony, are sulphur, 
potassium, sodium, arsenic, lead, bismuth, iron, tin, silver, 
and traces of copper, the presence of small quantities of tin 
rendering the metal more largely crystalline. It may bc) 
freed from sulphur, arsenic, iron, and copper (but not lead), 
by fusing for an hour, in a Hessian crucible, a mixture of 
coarsely pounded antimony with ^ of its weight of sodic 
carbonate and -^ of its weight of grey sulpMde of anti- 
mony, when the iron and copper are converted into sul- 
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phides, which in combination with sodium solphide passes 
into the slag, while the arsenic passes out as sodic arsenate. 
After cooling and separation of tlie slag, the metal may be 
again fused with sodic carbonate for the further elimination 
of arsenia The arsenic cannot be removed in this manner 
until the whole of the iron has been separated from the 
alloy. 

246L Oxides of Antimony. — ^As already stated, if antimony 
be heated in the atmosphere to a sufficiently high temperature 
it bums, producing white fumes of antimanious oocide, or 
flowers of antimony (SbgOg); the same oxide is produced when 
steam is passed over strongly-heated antimony. Thus — 

2Sb + 30H, - Sb,0, + 6H. 

This oxide is a white powder, fusible and volatile at a red 
heat, subliming without change if heated out of contact 
with the air, but passing to a higher state of oxidatiooi if 
kept fused with contact of the air; it is soluble in tartaric 
acid, yielding tartar emetiCy and on treatment with nitric 
acid or potassic chlorate, it is converted into a higher oxide. 
Antimonious oxide is reduced to the metallic state when 
heated to a red heat with carbon, or if carbonic oxide or 
hydrogen be passed over the heated oxide; it is also i*educed 
by heating with cyanide of potassium; and zinc, tin, or iron 
precipitate the whole of the antimony from solutions of this 
oxide. When an antimony salt is treated with zinc and a 
dilute acid, a portion of the liberated hydrogen escapes in 
combination with antimony as antimoniuretted hydrogen 
(SbHg), which is decomposed, like the corresponding arsenic 
compound, at a red heat with the deposition of metallic 
antimony. 

The tetroxide oj^ a/ntimony (SbgO^) occurs native as cer- 
va/ntite or antimony-ochre, and it is formed when antimony 
or antimonious sulphide (SbgSg) is heated in the atmosphere, 
or by the action of heat upon antimonic oxide (Sb^Og), when 
it forms a powder which is yellow while hot, but white when 
Cold. This oxide is reduced by carbon, but in this, case the 
addition of a little carbonate of soda is necessary in order to* 
•ollect the metal. 

The highest oxide of antimony is antimonic oxide or 
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anhydride (SbgOg), wliicli at a red beat is resolved into the 
last-mentioned oxide and free oxygen. The pigment known 
as Naples yellow is an antimoniate of lead. 

247. Sulphides of Antimony. — ^There are two sulphides 
corresponding to the two principal oxides of antimony; but 
the omtinionious sulphide (SbgSg) is the only one of metal- 
lurgical interest; it occurs native as the minerals atihnite or 
grey antimony ore, a/ntimony glance^ etc., or it may be pre- 
pared artificially by melting sulphur with antimonious oxide, 
when sulphurous anhydride escapes, and antimonious sul- 
phide is left, on cooling, as a crystalline mass. 

2SbaO, + 9S = 2SbjS, + SSOj. 

By roasting this sulphide at a temperature below its fusing 
point, sulphiirous anhydride is evolved, and antimonious 
with antimonic oxide remain. It is decomposed by carbon at 
a high temperature, with the evolution of sulphide of carbon 
and separation of metallic antimony; it also suffers decom- 
position at a red heat when in contact with tin, iron, copper^ 
potasaiumf or sodium, with potassic cyanide (KCy), or with a 
mixture of carbonate of potassium or sodium with charcoal, 
the resulting sulphide combining with the excess of anti- 
monious sulphide; or if the reducing metal be in excess, it 
occasionally alloys itself with the reduced antimony. Steam 
passed over antimonious sulphide liberates sulphuretted hydro- 
gen (SHg), and an orange-yellow body sublimes, containing 
iuitimonious oxide and sulphide. A violent reaction ensues 
when antimonious sulphide is fased with nitre; the sulphur 
and antimony being oxidized with the formation (if the nitre 
be in excess) of sulphuric acid and antimonic oxide. Antimo- 
nious sulphide is decomposed by hydrochloric and nitric acids. 

248. Antimony Glass. — This is an artificisj^l oxysulphide 
of antimony, varying in colour from a yellowish-red to a 
hyacinth-red; it is prepared by converting the grey sulphide 
of antimony into oxide by roasting it at a moderate heat, 
then fusing this product, known as antimony ash, in an 
earthen crucible with about -^ of its weight of sulphur. 

249. Livers of Antimony. — ^This is a black or brown- 
black crystalline potassium sulpbantimonite, prepared by 
fusing antimonious sulphide (SbgSg) with potassium sulphate 
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and charcoal, or by melting the sulphide with an alkaline 
carbonate, solphnr, and charcoaL 

2S0. Ores. — ^Antimonj occurs native, alloyed with arsenic, 
nickel, silver, and iron; in combination with oxygen as arUi- 
morvy bloom or valenUniU, and as cmtimony ochre or cervan- 
tUe; but the chief ore, and that from which the antimony 
of commerce is extracted, is stihrdte or grey antimony ore^ 
Uie sulphide of antimony (SbjSg), which often contains also 
copper, iron, and arsenic; this ore occurs associated with 
gneiss, quartz, clay-slate, mica-slate, limestone, heavy-spar, 
etc., in Borneo, Hungary, Germany, Bohemia, France, Corn- 
wall, and the United Stotes. Sulphide of antimony, along 
with sulphide of silver, occurs in ruhy sU/oer; and red anti- 
mony is a mixture of the oxide and sulphide of antimony 
occurring in Tuscany. Antimony likewise occurs frequently 
as a constituent of numerous other minerals, and ores of 
other metals, particularly with lead and silver, as in 
Jamesonite, Boumonite, and Miargyrite, and with copper 
in antimonial copper, etc., but these cannot be considered as 
ores of antimony. 

25L Bedoction. — ^The mnide antimony of commerce is 
merely the sulphide, freed by a process of liquation from 
the gangue or vein stuff accompanying the ore, and for this 
purpose the ore in not too smidl pieces is heated, either in 
conical pots, perforated at the bottom and having a receiver 
beneath each of them, or on the inclined bed of a reverbera- 
tory furnace, the liquated sulphide of antimony being con- 
veyed along channels in the bed to a receiver outside the 
furnace. In either case the temperature must not be too 
high, but requires careful regulation, otherwise the sulphide 
of antimony softens and forms a pasty mass with the gangue 
of the ore, from which the antimony cannot be readily liquated. 
The pots first mentioned may be heated in a reverb^tory 
furnace with the receivers placed beneath the hearth, or in 
a frimace (fig. 66) as used at Malbose in France, and known 
as '' Penserat's Furnace," in which the cylinders or pots a, o^ 
/perforated at the bottom, stand on plates similarly perfora- 
ted, and beneath each of "wbick is a small oblong chamber 

containing the cajat-iron xecieAN^si!^ -^^E'b^'b^'^sfidmth day; 

four of these cylinders axe Bxras^BaSi Vxi oti^^xxtqw^^^*^ 
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fir&-bars from back to front on each side of, and between tbe 
pots; tbe ehai^ of the cylinders is introduced from the top, 
the furnace being surmounted by the hood d, with openings, 
as shown, for gaining access to the tops of the cyUnders. 
A charge of 6 cwt. of ore is introduced into each of the 
cylinders, and wood fires are first made on the grates, but a 
little coal is subsequently supplied ta the fire ; and the sul- 
phide or crude antimony melts and liquates out from the 
charge into the receivers beneath. The operation is completed 
in about three hours, with the production of about 2^ cwts. 
of a crv4« antimony, which contains from 60 to 70 per cent, 
of metallic antimony, with lead in variable proportions up 
to 10 per cent., a little iron, traces of arEenic, and from 25 
to 30 per cent of solphnr. 




Fig. 66. — Fshsbiut'b Forhacb r>k tbi SHXLmro of Ahtihony. 
In France, in the department of Ardfeohe, where fuel is 
cheap and abundant, the pots, instead of being placed in a 
furnace, are arranged in rows of t'flcntj-fr'ft at "Oaa?!."^ «»£o., 
between two walls about 9 inches ui\ifeigJA, «M?a. '^^ ^^astA-- 
iag upoa a receiver sunk in tbe gtowT\4,tiae «^rtw» \!ifiw«''«o- 
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the pots being filled with fuel. A constmction of this kind 
works off a melt or charge in about ten hours, and four melts 
suffice to fill each receiver with the crude metal. 

To separate the metallic antimony from the crude antimony 
obtained in these processes, the crude antimony is heated to 
bright redness, in covered crucibles, along with iron filings, 
nails, or small scrap-iron, such as the clippings of tin plates, 
etc. These crucibles are heated in reverberatory furnaces, 
being careful that the antimonious sulphide in the charge is 
always in excess, since any excess of iron is alloyed with the 
reduced antimony. A very gentle heat suffices to effect the 
decomposition, but a somewhat higher temperature is required 
to collect the metallic antimony into a distinct stratum in 
the crucible ; the decomposition is formulated in the follow- 
ing equation : — 

Sb,S,+dFe=dFeS + 2Sb. 

It is further necessary to fuse this product with sodic car 
bonate, nitre, or borax, or these substances along with a little 
charcoal, whereby a readily fusible double sulphide of iron and 
potassiiun or sodium is formed, while the antimony separates 
readily. For the separation of the last traces of sulphur, 
arsenic, iron, and copper, the product is subjected to a second 
or third fusion with carbonate of soda, antimonious oxide or 
potashes (crude carbonate of potash), when the metal is cast 
into large circular moulds with rounded bottoms, in which it 
is allowed to cool under a layer of a very fusible slag, or under 
a stratum of melted tallow, when the surface of the cake 
should present the appearance of fern-leaf crystals. 

Instead of the above methods of reduction by iron, the 
metal may be reduced from its sulphide by roasting in a 
reverberatory furnace at a dull red heat, and fusing the 
roasted ore with charcoal and an alkaline fiux. In the 
roasting, sulphur and arsenic are expelled as sulphurous 
anhydride (SO2), and arsenious anhydride (AsgOg) respectively, 
which are accompanied with a little antimonious oxide 
(SbgOg), the two latter condensing in the flues; and there 
remains a reddish-brown residue of the mixed ' sulphide and 
oxide of antimony, which is reduced to powder and mixed 
with about 3- of its weig)[it oi Q\i<diXC^Q«l^ and the like amount 
of carbonate of soda, so^c c\iXotv^^, ot ^o^j^JtisiXft lil^a^^ and 
from a previous op^xatVoio., ot ^wVSa. ^ tssssJoq:^ ^\ «>^ 
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and potassic carbonate; this mixture is then heated upon 
the bed of a reverberatory furnace or in crucibles, when the 
metal known then as "Regulus op Antimony" separates 
beneath a layer of slag or flux, consisting of the sulphides 
of antimony and sodium or potassium, the slag so obtained 
constituting the product known in commerce as ** Crocus op 
Antimony." The metal prepared in this manner is purified, 
as in the " iron reduction process," by fusion with nitre. 

In England, when smelting rich ores, the " regulus of anti- 
mony" is separated direct from the ore (without the prelimi- 
nary liquation first described) by introducing the broken ore 
into red-hot crucibles, and placing upon the charge so intro- 
duced a layer of an alkaline flux, and lastly scrap-iron is 
pressed down upon the mass; upon melting, the iron is 
mixed with the mass, and in from two to two and a half 
hours the reduction is complete, and the contents of the crucibles 
are poured into moulds, the metal collecting as the lowest 
stratum, above which is a layer of ferrous sulphide, and on 
the top an alkaline slag. 

252. Alloys. — :The effect of antimony is to harden the 
metals with which it is alloyed, and generally to impair the 
malleability and ductility of the malleable metals. Antimony 
is alloyed with the softer metals, as lead and tin, to harden 
them ; stereotype metal, an alloy of this class, consists of lead 
with about ^ of its weight of antimony, and a small propor- 
tion of tin. Alloyed with tin, and occasionally bismuth, 
it constitutes the varieties of Britannia metal and Pewter, 
as desciibed udder alloys of tin; and an alloy consisting 
of 80 parts of tin with 20 of antimony constitutes the 
metal employed for music plates; while an inferior kind of 
Britannia metal, known as "Queen's Metal" is an alloy 
formed of 75 parts of tin, with 8*5 of antimony, 8 of 
bismuth, and 8*5 of lead. Copper and antimony alloy well 
together, producing a crystalline violet body, of no use in 
the arts, 0-15 per cent, of antimony in copper rendering the 
latter both hot and cold short. The presence of 0*5 per cent, 
of antimony in fine gold renders it quite brittle, and even 
•05 per cent, of this metal injures its malleability. The pre- 
sence of O'l per cent, to 0*3 per cent, of antiisioTj:^ \si\s^S5j^«^ai<^^ 
iron makes it both hot and co\d aiiiort. "li^«^ ^iwtiJ^scaisi.^. 
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antimony is notably hard, but thei'e is little, if any, commer- 
cial lead absolutely free from this impurity. The operation 
of softening lead, described when treating of that metal, has 
for its object the removal of the antimony by the joint action 
of heat and air upon the alloy, the more ready oxidizability 
of the antimony permitting of its remoyal by simple heating 
of the alloy in contact with air, when a scum rises to the 
Burfaoe ccLtmg largely of oide of antimony and anti- 
moniate of lead, ¥rith a small proportion of oxide of lead and 
some metallic lead. An alloy of antimony, lead, and mercury 
is harder than lead, while retaining its ductility; an alloy 
of this kind has been patented for use as ships' Scathing, to 
prevent fouling of the bottoms. 



CHAPTER XIIL 

ABSENIG. 

Arsenic is an element of a steel-grey colour, with a 
metallic lustre, crystallizing in rhomboliedra, and has a 
specific gravity in the solid state of from 5*62 to 5*96 ; it 
has never been seen in the fluid state, volatilizing at a 
dull red heat without previous fusion, evolving at the 
same time a powerful odour resembling that of garlic; 
its behaviour on exposure to the air depends much on 
the temperature employed in, and the mode of, its pre- 
paration; if the metal be obtained as a dark-gi'ey crys- 
talline powder, such as forms in the cooler parts of the 
condensing apparatus employed in its sublimation, or as 
it occurs when reduced from arsenious anhydride (As^Og) 
by charcoal, and condensed while its vapour is still mixed 
with carbonic oxide, etc., then it oxidizes rapidly on ex- 
posure ; but if the metal be obtained as a compact whitish 
mass, such as forms in the parts of the apparatus where 
the temperature is only just below the point of volatiliza- 
tion of the arsmiic, then the metal is scarcely affected by 
exposure to the atmospere. Under the joint influence of 
heat and air, arsenic bums with a blue flame, producing 
arsenious anhydride (AsgOg). Heated with sulphur, and 
combination ensues with the formation of the red compound 
known as " realgar " (AsgSg). Arsenic frequently occurs in 
small quantities as an impurity in other metals, as in zinc, 
copper, tin, antimony, etc., producing hardness and brittle- 
ness therein. Its chemical symbol is As, and its atomic 
weight, 75. The metallic character of this element is not 
accepted by many chemists, since, in its chemical combina- 
tions, it resembles phosphorus and nitrogen^ and possesses 
no basic oxide; yet in physical charsAtec^, «j^ \\)&\x^\» ^s^fs&K^ 
gravity, conductivity for heat, and ©\eci)ix\safc^ , ^\ft.^ V^* ^s^ 
19^1. ^ 
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sembles the metals, especially antimony and bismuth, and 
it would thus appear to form the connecting link between 
the metallic and non-metallic elements. 

253. Ores, — Ai-senic in minute quantities is very widely 
distributed, occurring occasionally in the native state, but 
more fi*equently in combination with other metals, as in 
arsenical iron; with sulphur as realgar (AsgSg) and orpiment 
(A82S3) ; or in combination with sulphur and iron, cobalt, 
nickel, or other metals, as it occura in arsenical py^^iXes or 
mispickel (FeAs + FeS) ; other oi-es containing arsenic are, 
smaltine or tin-white cobalt^ arsenical cohaU, cobalt glance^ 
nickel glance^ arsenical fahl-ores, kup/emickel or arsenical 
nickel, white nickel pyrites (NiAs), copper nickel (Nig As), and 
arsenic bloom, 

254. Preparation. — ^Arsenic is obtained on the large scale 
by heating mispickel or arsenical pyrites (Fe2 AsS) in earthen 
tubes or retorts, of four or five feet in length, and which are 
laid horizontally in a long furnace. A nozzle to each tube is 
formed of sheet-iron, rolled to fit the end of the retort, and 
to which is luted an earthen receiver. On the application of 
a moderate heat to such an apparatus, metallic arsenic sub- 
limes as a compact, nearly white, crystalline body, which re- 
quires a further purification byresublimation before use, except 
where intended for the preparation of common alloys, when 
the crude product so obtained may be directly employed; there 
remains in the retort, after the operation, a mass of sulphide 

of iron; thus, 

Fe2A8S=Fe2S+A8. 

At Altenberg, in Silesia, arsenic is prepared by heating 
in crucibles, surmounted by conical iron caps, a mixture of 
charcoal and the cnide arsenious anhydride (AsgOg) (obtained 
as a bye product during the roasting of tin and cobalt ores). 
Arsenic may also be obtained by heating the sulphides of 
arsenic with charcoal and potassic cyanide, or with an alka- 
line carbonate. 

255. Arsenious Anhydrida — ArsenioiLs acid, arsenious 

asfUiydride, or white arsenic (AsgOg), exists either as 

An amorphous solid, or crystallized in octahedral and 

rhomhio forms. The «mot^\vw\& Nwaety when first pre- 

f»ared is transparent and nV\.v^^\»^ \sv>.^ ^-a. ^^>^QRg;»e to 
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sunlight it gradually becomes opaque and crystalline ; in the 
vitreous form it may be fused before volatilization, but the 
crystalline variety sublimes at a temperature of 218^ 0. 
(474^ F,), without previous fusion. Arsenious anhydride 
is only sparingly soluble in cold water, but dissolves more 
readily in boiling water, and is still more soluble in hot 
dilute acids, from which solution the acid sepaiutes on cool- 
ing. By boiling with nittic acid or aqua regia, arsenious 
anhydride is convei*ted into arsenic acid. Carbon, carbonic 
oxide, or hydrogen, reduce metallic arsenic from arsenious 
anhydride at a temperature below redness. Arsenious an- 
hydride is also decomposed by nascent hydrogen, yielding 

ai*seniuretted hydrogen ( AsHg), a highly poisonous gas ; thus, 

A8,0, + 12H=30Hj + 2A8H,. 

Metallic copper immersed in a hot solution of arsenious 
anhydride (AsgOg), or of an ai*senite made acid by hydro- 
chloric acid, becomes coated with a grey film of metallic 
araenic ; zinc behaves in a similar manner, but with zinc a 
portion of the reduced arsenic combines with the nascent 
hydrogen, and yields arseniurettsd hydrogen, while the resi- 
due only of the arsenic is deposited on the zina Arsenious 
anhydride enters into the composition of the brilliant green 
pigments known as Scheele*s green, &nd Schwein/urt, Emerald 
or Imperial Green; the former is an arsenite of copper 
formed when arsenious anhydride or an alkcdine arsenite 
is added to a soluble salt of copper, with sufficient ammonia 
to neutralize the acid. The Schweinfurt green is an aceto- 
arseuite of copper, prepared on the large scale by making 
five parts of the basic cuiiric acetate, known as verdigi*is, into a 
thin paste, and adding it to a boiling solution of four parts of 
ai*senious anhydiide in fifty of water, the. solution being kept 
boiling during the mixing of the ingredients and the precipi- 
tation of the pigment. The precipitate is then cooled, dried, 
powdered, sifted, aud rubbed with a little hydrochloric add, 
when it is ready for use as a pigment. 

Arsenious acid, or anhydride (AsgOg), is obtained as a 
secondary product in the roasting of arsenical ores of tin, 
cobalt, and nickel; also in the roasting of argentiferous 
native arsenic for the extinction o£ wYv^y ", V^xxfe >5}c\a \«x^^^ 
supply is ohtsiined by the roasting oi -i^o^^^t^k^ aT%^^^ivc^ 
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pyrites or mxapickel^ with access of air, vben arsenious 
anhydride sublimes, and is condensed in long flues or in con- 
densing chambers. If the roasting be performed on the bed 
of a reverberator^ furnace, then the arsenious anhydride, thus 
collected, will be mixed with carbonaceous matter, and on the 
resublimation of the product, the carbon with which it is 
mixed reduces a portion of the anhydride to metallic arsenic, 
and the final product, instead of being perfectly white, is grey, 
from the admixture of metallic arsenic; it is hence more usual 
to effect the roasting in muffle furnaces, which prevent the con- 
tact of the flame or fuel with the products of Izhe roasting 
operation. A furnace of this kind has two floors, one above 
the other: on the upper floor is spread the ore to be roastedj 
and a door at the front of this chamber affords access for rab- 
bling the mass, while the fire-bars are at the near end of the 
lower bed. The products of combustion before reaching the 
stack are made to pass beneath the upper floor for its full length, 
and thence backwards along each side of the upper chamber. 
The upper floor is charged through an opening in the roof, and 
the arsenious anhydride, with other volatile matters, before 
reaching the stack pass along flues or long divided passages, 
which open finally into a large chamber of some 120 feet in 
height; the condensing flues in Cornwall are 600 feet in 
length, 6 feet high, and 2\ feet wide,- arched over at the top. 
At Altenberg, in Silesia, the volatile matters are passed 
through two or three large chambers, from whence the 
uncondensed portions are passed through some three tiers 
of chambers, divided by partitions so as to increase the 
cooling surface; in these latter, known as the *' poison 
towers/' the last traces of arsenious anhydride are deposited, 
and only the non-condensible sulphurous anhydride (SOg) 
escapes to the atmosphere. The chambers are only emptied 
every one or two months, the workmen, during the opera- 
tion, being clothed in leather, with their mouths and nostrils 
protected by wet cloths. The product which is collected from 
near the stack end of the condensing apparatus is more largely 
contaminated with arsenious sulphide and other impurities, 
than that deposited in the earlier parts of the course near the 
furnace, and the former accoT^m^-^ t^^yc^ resublimation. 
!he resublimation ia effected *m'^\\^«\a.\\i^ vKCNSA^^dse^ 
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cast-iron pota (&g. 67), each of which is charged with about 
3 owt. of ike cvude add, and ia heated over its own fire d. The 
pot is surmoimted by e, conical cap 
b, conneoted with a pipe which 
conducts the Tapours to a lai^ 
condensing chamber e, divided after 
the nuumer of our Bulphuric add 
chambers, and placed well above 
the subliming apparatus. The 
joints being all well luted up, a 
gentle heat is at first applied for 
about half an hour, when the full 
heat ie attained and is continued 
for about twelve houra Thearseni- 
ouB anhydride will then be wholly 
sublimed into the top portion of 
the retort, and into the condens- 
ing chamber. In Cornwall, a much 
simpler arrangement ia employed, 
consisting of a cast-iron pot 3^ 
inches deep and 22 inches internal 
diameter,withabottoin Scinches in 
thickness ; this pot is surmounted 
by a conical covering about 18 
inches in height, and with an 

op^ng of about two inches in __ __ _ 

diameter at its apex; each of these Fig 67.— RsioasNsrKtN Ar. 
vessels is heated by its own fire- sbnic Bbfimino Fdrhaob. 
place, or upon a sand bath, when the arsenioos anhydride sub- 
limes and condenses in the top of the cone. 

206. Areenio Anhydride f Ab,Oj) may 
be obtained by heating its hydrate to dull 
redness, when it forma a white 
without action on litmus, nearly insoluble 

in water, only deliquescent after long „ — ~ — -^^ 

„p«a™, .nd decompo«rf .t . Ml to! ^jJlizST, 
heat into arsemoua anhydride and free SuBUHuia Aa- 
oxygen; it is reduced to the metallic sehiodh Asbt> 
state by carbon, potassic cyanide, etc, tskhj-^. 

3fi7. Ejdnted Arsenic Oxi&e oc kns&w t^i^ 'o^'^ "^^ 
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obtained as a sympy liqtdd by treating arsenioiis anbydride 
witb concentrated nitric acid, tbis Hquid, after standing 
some time, depositing ciystals wbicb are very deliquescent; 
tbis acid is now extensively used instead of tartaric acid by 
tbe calico printer; it combines witb bases forming a class d 
tribasic salts known as arsencUes. 

258. Sulphur and Arsenic. — ^Tbe only compounds of snl- 
pbur and arsenic of metallurgical interest, are tbe disulphide 
or realgar, and arsenwua sulphide or orpiment, 

Diaulphide of arsenic or realgar (AsgSg), as already stated, 
occurs native as an orange-yellow or red mineral, more or 
less translucent, and possessing a resinous lustre; it occurs, 
accompanying ores of silver and lead, at Andreasburg, in 
tbe Harz, in Transylvania, Hungary, Bobemia, and Saxony. 
Realgar is prepared, on tbe large scale, by beating a mixture 
of arsenical and iron p3rrites, collecting tbe sublimate and 
melting it witb arsenic or sulpbur, according to tbe intensity 
of tbe colour required; as tbus produced it is amorpbous, 
brown-red in colour, opaque, and bums in tbe atmospbere 
witb a blue flame^ witb tbe production of sulpburous and 
arsenious anbydrides. Tbis compound is used in pyrotecbny, 
and also as a pigment. 

Tbe tristUphide of arsenic or orpiment (AsgSg) also occurs 
native. As prepared for commerce, by tbe sublimation of 
a mixture of seven parts of arsenious anbydride (AsgOg) 
witb one of sulpbur, it is translucent, of a lemon-yellow 
colour, and possesses a resinous lustre. Orpiment is produced 
as a lemon-yellow precipitate wben sulphuretted hydrogen 
is passed into a solution in dilute hydrochloric acid, of 
arsenious anbydride or an arsenite. Tbis sulphide melts 
readily, and volatilizes at a higher temperature; when 
heated in a glass tube witb sodic carbonate or cyanide of 
potassium and an alkaline carbonate, it yields a mirror of 
metallic arsenic on the cooler part of the tube ; the residue 
consisting, wben sodic carbonate is employed, of sulpbar- 
senate and arsenate of soda, wben, if carbon be introduced 
into tbe mixture, tbe arsenate suffers decomposition, and the 
mirror of arsenic is increased. This sulphide of arsenic con- 
stitiitea the pigment " "K-rng's ^^Worw " 
259. Alloys. — Araenic «XVoy^ \\&^l V^JQ^ Txiosi^ lil ^^ «ik^er 



ALLOYS OF ARSENIC. 311 

metals: "vtdth tVon, zine, tin, gold, silver, lead, and cmtimony, 
it forms alloys which are more or less brittle and hard; it is 
especially destructive of the malleability of gold, while with 
copper a white malleable aUoy can be obtained. The alloy of 
arsenic and lead is used in making shot, and in the prepara- 
tion of some forms of opal glass. Analyses of two specimens 
of shot, published by Dr. Percy,* show it to contain 0*133 
per cent, and 0*115 per cent, of arsenic respectively, the 
same shots containing respectively 0*03 per cent, and 0*284 
per cent, of copper. The alloys of arsenic, when heated out 
of contact with the atmosphere, retain almost the whole of 
their arsenic, while if heated with access of the atmo- 
sphere, part of the arsenic is volatilized as arsenious anhy- 
dride (AS2O3), leaving a residue of a metallic a/raenate or 
a/rsenite; but the alloy of amtimony and areenic, heated in an 
atmosphere of carbonic anhydride is completely decom]>osed, 
with the volatilization of the arsenic. Arsenic lowers the 
melting point of the metals with which it is alloyed. 

• Percy, Vol. III. 



CHAPTER XIV. 

BISMUTH. 

This metal was known to the ancients. Although not of 
frequent occurrence in naturo, it is, however, found asso- 
ciated with the ores of nickel and cobalt in Cornwall and 
Cumberland, and in the extraction of the latter metals, 
bismuth is generally obtained as an accessory product. 

Bismuth is a greyish-white metal, having a decided reddish 
tinge, and a bright metallic lustre, which is not sensibly altered 
by exposure to the atmosphere ; but if heated in the air bis- 
muth is readily oxidized, and at a higher temperature bums 
with a bluish flame, emitting yellowfumes oifloioera of bismuth. 
It crystallizes in rhombohedrons, is very brittle, and easily 
reduced to powder; its specific gravity is 9*779, which, after 
subjecting the metal to considerable pressure, is reduced to 
9*556. Bismuth is strongly diamagnetic; it fuses at 264*^0. 
(507 '2° F.), and expands on cooling, so that the density of 
the metal in the liquid state is greater than in its solid form; 
at a high temperature it may be volatilized or distilled, and 
at a white heat it decomposes the vapour of water. Hydro- 
chloric acid has but little action upon the metal, and sulphuric 
acid only attacks it when hot and concentrated; while nitric 
acid forms its best solvent, attacking the metal vigorously^ with 
the production of a nitrate of bismuth, which, on dilution with 
water, precipitates an insoluble basic nitrate of bismuth, and 
which precipitate, by reduction with black flux at a gentle heat, 
yields bismuth free from the impurities — arsenic, sulphur, 
copper, nickel, iron, silver, and gold, which sometimes accom- 
pany commercial bismuth. Specimens of commercial bismuth 
occasionally contain as much as 60 oz. of silver per ton of 
metaL Bismuth can be used instead of lead in the process 
of eupeUcUioHf to be described under lead, but is not quite 
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80 readily oxidizable as lead. The chemical cfTmbol of bis^ 
math is Bi, and its atomic weight 208. 

260. Ores of Bismuth. — As needle are or bismuth lead 
ore, it occurs in Siberia and elsewhere^ as bismiUh glcmce 
or bisnmthine (Bi^Sj), in Cumberland, Comwally Saxony, 
Sweden, and the United States, and as bienmth ochre 
(BigOg), along with iron and other impurities, it occurs in 
Saxony, Bohemia, etc.; while the native metal is found in 
Saxony, Sweden, Norway, Hessia, etc., accompanying the 
ores of cobalt, silver, lead, copper, and tin; and, as already 
noted, bismuth occurs associated with the ores of nickel and 
cobalt in Cornwall and Cumberland. 

261. Bismuth with Oxygen and Sulphur. — Bismuth forms 
three compounds with oxygen, but the most stable oxide is 
the bismuthous oxide or (as it was formerly termed) teroxide 
(BigOg), which occurs as a pale lemon-yellow powder when 
bismuth is roasted with access of air, or when the subnitrate 
is gently heated in a crucible. This oxide becomes darker in 
colour on the application of heat, and fuses at a strong heat 
forming a glass, which, on cooling, is of a deeper tint than the 
unfused oxide. Oxide of bismuth is reduced by heating with 
carbon. The hydrated oxide (BigOg, HgO) is precipitated 
as a white powder when ammonia in excess is added to a 
soluble salt of bismuth. 

Bismuth unites readily with sulphur, upon the application 
of heat. The tersulphide (BigSg) is thus obtained as a dark 
grey solid of metallic appearance; the same sulphide is also 
obtained as a brown black precipitate when sulphuretted 
hydrogen is passed through a solution of a bismuth salt. 

262. Extraction. — ^For the purposes of the arts, bismuth 
is separated by simple liquation from the other matters ac- 
companying the metal. The earliest plan adopted for this 
purpose was to make heaps of the ore and fuel upon the 
ground ; a steady, gentle heat was thus maintained, and the 
bismuth liquating or sweating out was collected at the bottom 
of the heap. The supply of bismuth is now derived largely 
from Saxony, where the metal occurs native, associated with 
ores of cobalt, silver, lead, and tin, in formations of gneiss and 
clay slate; as also in ores of nickel and cobalt, with arsenic. 
At Schneeberg, in Saxony, the cobalt ores, containing about 
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twelve per cent, of bismutli, nre first crashed and then snb- 
jected to liquation in the furnace sltown in fig. 69, condstii^ 
of an arched chamber, in which are ananged a series of iron 
tubes or retorts, inclining from back to front. Beneath the 
retmrts is the fireplace, and in the roof of the furnace are 
two holes over each retort, which can be opened and closed 
as required for the proper regnUtion of the draught. At the 
back of the furnace, and from the npper end of the retorts, 
the brickwork forms a slope downwards to a trough filled 
with water, into which the residues from the retorts ars 
withdrawn a^r the conclusion of the liquating process. The 
lower end of each retort is closed with an iron plate, or with 
a fireclay stopper, containing ti small aperture at its lowest 
point, tluMugh which the melted bismuth passes into the iron 
basins as shown, and where it is kept in a state of fusion by 
a fire beneath the dishes, while the surface of the metal is 
kept from oxidation bj a covering of Bmsll charcoaL Wood 
is the fuel usually employed in this furnace, but gas has also 
been applied to It. 




Fig. bU— BisuDTH Liquation Fubbacb. 
The retorts are each charged from the upper end, with 
about 56 pounds of ore, when, if the furnace be hot fiom the 
working off of a preyioua charge, the metal will begin to psn 
out at the bottom in about ten minutes after charging; a 
gentle fire is maintained on the grate, a Imo temperature, 
about 265° C, sufficing for the liquation of the metal ; and 
to facilitate the passs^e of the melted metal towards the 
iower end, the charge is mo-ved. about by a small rake intro- 
fiaced through the door at tiie m.^'^ eai dl >i« -tetett, and 
in about forty inmuteafcomtittacoTOmaiiW«i«a&SW-«W»<fi. 
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the bismuth will have separated from the gangue and other 
metalliferous matters which accompany it. The residues are 
then raked out at the back, and slide down the incline into 
the water trough. The metal collected in the basins is 
then ladled out into moulds, forming bars of from 20 lbs. to 
50 lbs. in weight 

At Joachimsthal,^ Yogel treats bismuthic ores of nickel 
and cobalt (containing from 1 per cent, to 30 per cent of bis- 
muth) with from 25 per cent to 30 per cent, of their weight 
of small pieces of iron, along with 15 per cent to 50 per cent. 
of carbonate of soda (according to the amount of gangue 
present), 5 per cent, of lime, and 5 per cent of fiuor spar. 
This mixture is introduced into crucibles some 23 inches in 
height and 16 inches in diameter, which are heated in wind 
furnaces, when the bismuth separates and forms a layer in the 
'bottom of the crucible, above which is a stratum of speisa (a 
metallic-looking compound containing nickel, cobalt, iron, 
airsenic, and sulphur, with ti*aces of other metals). The bis- 
muth, after again fusing, is ladled out into conical moulds. 

The metal thils obtained is often impure, containing sul- 
phur and ti*aces of arsenic, cOpper, nickel, iron, and lead, 
with variable amounts of silver; if required pure, the com- 
mercial metal must be treated, as already described, with 
nitric acid. It is freed from sulphur and arsenic, but not 
from lead, iron, or silver, by fusing it with about one-tenth of 
its weight of nitre, and continually stirring the mixture during 
the fusion. By this treatment the impurities collect as a slag 
on the surface of the metal, and, if necessary, the fusion 
with nitre must be repeated a second time. The silver can be 
separated by cupeUation^ and the oxide of bismuth so produced 
subsequently reduced by charcoal in earthen crucibles. 

263. Alloys. — The effect of bismuth when alloyed with 
other metals is usually to form with them more or less readily 
fusible bodies, which expand on solidification after fusion. The 
alloy known as fusible metal which melts at about 93*75° C, 
or below the boiling point of water, consists of equal parts 
of lead and tin, with two parts of bismuth, and owing to the 
expansion of this alloy during cooling, it is much used for tiak- 
ing casts or copies of dies and other bodies. Tk^ ^sL4^^^ss^^^ 
* Kerl Handbuch der MetalluT^ac^iWlV^l^tV»«l^6»xA^% 



waaJl amoant of ddnamn to 'Qm allqj, oanBiatntes it wiai 
is known as ** Wcxid's anoj," idikiL meltB at a sstiJl hrwet 
tempentare, tjz,, 62°€L, or 18(f F. 

An alloj of two parts of lead wiih. one of luBniutk fbaea at 
116^ C, is doctOe, and wmj be roBed inthoot cnAiwg 
(BetQakar). An alloj of tiiroe parts of lead wiHl two of 
Usmixtih is said to have aboot ten times the tenacity of lead 
alone. The demmiy of theae aDoya is above the mean of tiie 
oonstiUieiit metalfi. 

dsmTxth and meitsuij amalgamate by sbiiple IriUiratica 
at the ordinarj temperaiuie, the ^^mml^an i w^^wli^g a eoa- 
Biderable amount of Inamnth without loong its fluidiiyj 
mercniy and bismirlii, gendj heated togedieii:; also jidd a 
fluid aJloj if the bifimuth be not in too large qnantity ; with 
two partB of mezeoiy to one of hoBmnth the •^*^^gn** ii 
pastjy and after standing banipns, and becomes niore or loB 
crjiE^baUina The ad o Tte ia tkm of mereiny by b iam i ii h m^ 
detected bj RhalnTig the metal with air, when, if hismirth be 
present, a crjBtalline black powder scparstea. 

Arsoiic or antimony, when alloyed widi bisniitii, yield 
products which are brittle^ and expind oonsideEaUy oa 
cooling. 

Equal parts of bismuth and olver, when fused tqgetiier, 
yield a brittle, scaly alloy, cf a reddish tinge, which may be 
cupelled with the separation of the whole of the biamutii ai 
bismuthic oxide, exiuctly as with lead. In the same «*«">*«^ 
cupeUation ci the alloy cf gold and bismuth may be efieoted. 

Bismuth is a constituent of Britannia metal, as detsilei 
when i^^eaMng of alloys of tin, an inlierior kind known as 
^ Queen's Metal," consisting of 75 per cent, of tin, 8-5 par 
cent, of antimony, with S'5 per cent, of lead, and 8 per coil 
of bismuth ; and pewter^s solder consists cf equal parts of 
lead and bismuth alloyed with two parts of tin. 

The presence cf oidy "6 per cent, of bismuth in copper is 
sufficient to make the metal crack in the edges on roIHii|^ 



CHAPTER XV. 

PLATINUM. 

This metal ranks next to silver in whiteness^ and when 
polished it has a very strong metallic lustre; it is veiy 
malleable and ductile, being only inferior to gold, silver, and 
copper in malleability, and to gold and silver in ductility, 
whUe in tenacity it is only exceeded by iron and copper 
The pure metal is softer than silver, it does not oxidize by 
ecsposure to the atmosphere at any temperature, and expands 
less by heat than any other metal; hence its employment for 
fiising into glass in the manufacture of philosophical and 
other instruments requiring the insertion of metallic con- 
nections through the substance of the glass; while in con- 
ductivity for heat and electricity it is much inferior to either 
gold or silver, in this respect ranking about equal with iron. 
It is infusible in the strongest heat of a smith's fire, but 
may be fused by the electric current, or by the oxy hydrogen 
blowpipe; at a high temperature the metal can be welded by 
pressure or hammering, as is exemplified in the condensation 
and welding together of the particles of spongy platinum; 
and with the exception of osmium and iridium, it is the 
heaviest of all known substenoes, ito specific gravity vaiyin^ 
from 21*25 to 21*5, according to the mechamcal treatment 
it has received. 

Platinum resists the action of most chemical agents, it ia 
not attacked by hydrochloric, sulphuric, nitric, hydrofluoric, 
or any other single acid, except when alloyed with a large 
proportion of silver, under which circumstances it is soluble 
in nitric acid, a quality made use of in the assay of gold, 
for the sepai'ation of the platinum with which the gold 
is fi-equently alloyed; in nitro-hydrochlav\B ^^vJl V^k^j^ww 
regia), lyiatmiim dissolves slowly. TVieafe <3^53ksiX^\^» ^'i. "^'>S8^- 
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standing the acdon of chemical agente, ecmpled wiUi the 
power ^ resisting hi^ tempentmea, together with its non- 
oxidizability at all temperatoiesy make it a valnahle wtMii«4ail 
for the construction of cmcibleay dishes, foil, wire, etc., used 
in the chemical laboratoiy for blowpipe and other exfmr 
mentSy as also for the mamifactnre of the stilU^ typhanM^ etc, 
employed in the concentration of snlphnric acid; and o£ the 
vessels employed in the method of parting gold is^ silver lij 
sulphuric acid, as described under these metalsL From its 
power of resisting corrosion, it has been used for the toudi- 
noles or vents of rifles and large ordnance^ but its cost pre- 
vents its general adoption for this purpose. The hammered 
metal is only slowly attacked when strongly heated with 
sulphur; but phosphorus or arsenic under like conditiooB 
unite with the metal, with the formation of a readily fiisiUe 
compound. 

A mixture of silica and carbon cannot be exposed to a 
high temperature in platinum vessels, since the reduced 
silicon attacks the metal rapidly, with the formation of a 
fusible silicide of platinum; and for the same reason platinum 
vessels ore never heated in contact with coke or charcoal, 
which always contain more or less silica, but ore either 
heated in a gas flame, or, if required to be inserted into 
a coke fire, are enclosed in a receiver of some refractory 
material, as magnesia, etc.; nitre, caustic alkalies, alkaline 
earths, and acid potassic sulphate also attack it at high tem- 
peratures. Like silver, it absorbs oxygen when in the fused 
state, liberating it again as it cools, and if cooled rapidly, 
it Sfpiis or sprouts like silver (Deville and Debray) tmder 
the same circumstances. Platinum possesses the remarkable 
property of effecting the combination of oxygen and hydro- 
gen, and of some other combustible gases into mixtures of 
which it is introduced, but this quality, known as catalysis, 
is more powerfully exercised by the metal in its spongy form, 
or as platinum-black; it forms two oxides, chlorides and 
sulphides, none of which are, however, of metallurgical im- 
portance. The chemical symbol of platinum is Pt, and its 
atomic weight is 197*4. 

264, Platinum -black. — Platinum in an extremely flue 
state of division forma a\A«LcV\«rw^«c Vftfiww. ^ platinum- 
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blacky which resembles lamp-blaek in appearance, and in 
which form it possesses some most remarkable and powerful 
chemical qualities. Platinum-black soils the fingers, and is 
not altered by exposure to a red heat, but by heating to 
whiteness it assumes the metallic appearance of the ordinary 
or hammered metal, and no longer soils the fingers; in its 
finely divided state it absorbs and condenses gases within its 
pore^ with the evolution of considemble heat, a^ introduced 
into a mixture of oxygen and hydrogen it gives rise to their 
immediate combination; it likewise promotes in a remarkable 
manner the oxidation of alcohol or wood-spirit, when moist- 
ened with these and exposed to the atmosphere, producing 
therefrom acetic and formic acids respectively. Platinum 
in this form, as also spongy platinum, is rapidly attacked 
when somewhat strongly heated with sulphur, while the 
hammered metal is but very slowly attacked by the same 
treatment. 

Platinum-black is obtained as a black powder when alcohol 
is cautiously added to a solution of platinous chloride (PtCL) 
in a hot solution of potash, the reaction being attended with 
a copious and violent liberation of carbonic anhydride (CO2) ; 
the black precipitate so obtained requires washing with 
alcohol, afterwards with hydrochloric acid and potash, and 
lastly with water. This body is also obtained when a solu- 
tion of platinic chloride (PtCl^) is boiled with sodic carbo- 
nate and sugar; or by precipitation with zinc from a solu- 
tion of platinic chloride containing an excess of hydrochloric 
acid. 

265. Spongy Platinum. — This is the name applied to the 
spongy, sligh^y coherent form of metallic platinum, obtained 
by heating to redness the yellow double cUoride of platinum 
and ammonium (2NH4CI, PtCl4), precipitated on tiie addi- 
tion of ammonic chloride (NH^Ol) to a solution of platinic 
chloride; which precipitate, on the application of heat, gives 
off chlorine and ammonic chloride, and there remains a residue 
of spongy platinum. By the application of pressure to this 
substance when at a full red heat, its particles may be welded 
together, when it assumes the form and appearance of com- 
mercial platinum. Like the other forms of platinxusv^^^ ^& 
capable of inducing chemical coin\im«t\.\oxLV3i^'feTs:^^ 
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certain combustible gases; at a strong red beat it unites 
witb sulpbur and pbospboros^ and may also be alloyed with 
most other metals on the application of heat. 

266. Occnrrence of Platinum.^- Fatinum is a compara- 
tively rare metal, which, like gold, always occurs in the native 
state, and it very frequently accompanies the latter in alluvia} 
sands, gravels, and debris of the earliest geological formations, 
but, unlike gold, it does not frequently occm* in large masses 
or nuggets, though such have been found weighing upwards 
of twenty-two pounds each; the more general form of its 
occurrence is, however, an rounded or flattened grains of a 
light steel-grey colour and metallic lustre, occurring, as already 
noted, in alluvial deposits, detritus, and auriferous sands, aO' 
companied with magnetic iron ore, corundum, and occasion- 
ally chrome iron ore, zircon, spinel, serpentine, and augitic 
debris; when after the separation, by careful washing o])era- 
tions, of much of the sandy, earthy, and lighter portions of 
the ore, there remains a residue consisting of grains of 
platinum, along with gold, magnetic iron ore, corundum, and 
an exceedingly heavy alloy of osmium and iridium, and from 
this residue the gold, if present in considerable proportions^ 
is separated by amalgamation, while the magnetic iron ore 
may be removed by the magnet. The native metal is never 
pure, containing only from 70 to 85 per cent, of platinum, 
the remainder consisting of iron, forming occasionally as 
much as 13 per cent, of the ore, palladium to the extent 
of from 1^ to 1 per cent., with iridiv/niy rhodium^ osmiiMn, 
ruthenium, and coppery with frequently gold and silver, and 
occasionally lead and manganese. The chief localities of the 
occurrence of this metal are Russia (in the districts of the 
Urals), Brazil, Mexico, Peru, Borneo, California, Oregon, St 
Domingo, Siberia, Australia, etc., and also in small quantities 
in certain copper ores occurring in the neighbourhood of the 
Alps. 

267. Extraction. — ^The wet methods of extracting platinum 
were, until within a few years ago, the only ones adopted for 
the separation of this metal from the other metals, osmiimi, 
iridiimi, palladium, etc., with which it is always alloyed in 
nature, the very refractory nature of platinum rendering it 
impossible to effect the separation and refining of the metal 
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by methods of fusion, until Deville and Debray succeeded, 
by means of the oxyhydrogen flame, in melting the metal 
on a bed of lime, in quantities of twenty pounds and 
upwards. 

In the separation of platinum by the " wet method," the 
ore, after careful and complicated washings, and separation 
of the gold by amalgamation, is flrst treated with nitric acid, 
by which silver, copper, iron, and lead, are extracted; the 
residue, after washing with water, is digested at a gentle 
heat with hydrochloric acid, to which is added at intervals 
small quantities of nitric acid, the digestion being continued 
so long as the acid dissolves anything further. The liquid 
is then evaporated to the consistency of syrup, to expel the 
excess of nitric acid; it is then diluted with water and 
drawn off", after which the residue is again treated in the 
same manner with fresh acid, the operation being repeated 
so long as anything is extracted by the acids. The red 
solution thus obtained contains the chlorides of platinum, 
palladium, rhodium, and some iridium, while the residue in 
the retort consists of grains and plates of an alloy of osmium 
and iridium, along with quartz, corundum, and other foreign 
insoluble matters occurring with the ore. 

To separate the palladium the solution is boiled, by which 
the tetmchloride of palladium is reduced to the state of 
dichloride, when, on the addition of potassium chloride, the 
sparingly soluble yellow double chloride of platinimi and 
potassium is precipitated; or in the presence of iridium, the 
precipitate is red in colour and contains in addition the 
double chlorides of iridiiun and potassium. The separation 
of the last portions of the iridium is attended with consider- 
able difficulty; but for this purpose the precipitated chlorides, 
after well washing, are ignited with twice their weight of 
potassic carbonate, by which the platinum is reduced, and 
the iridium converted into trioxide, when, after dissolvin'^ 
out the potassium salts, the residue is again treated with 
aqua regia, by which the platinum is dissolved, while the 
oxide of iridium is, to a large extent, left in the residue. To 
complete the elimination of the iridium, it may be neces- 
sary to repeat the precipitation with potassium chloride, and 
ignition with potassic carbonate, several times, after which 
19—1. X 
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ammonic chloride (sal-ammoniac) is added to tlie solution 
of platinic chloride thus obtained, when the double chloride 
of platinum and ammonium (2 NH^Cl, PtCl^) so precipitated 
is washed, dried, and ignited in a black lead or plumbago 
crucible^ when a black powder remains, which is platinum 
in its spongy form. 

If the presence of a small amount of iridium be not of 
importance for the purpose to which the metal is to be 
applied, then the two metals are precipitated together in tiie 
first instance after the solution of the ore in nitro-muriatic 
acid, by ammonic chloride instead of by potassium chloride^ 
and the precipitate so obtained may be at once ignited for 
spongy platinum. 

Eor application in the requirements of the arts and manu* 
factures, the metal still requires conversion into a coherent 
and workable form, for which purpose the particles of the 
fine powder thus obtained require to be welded together for 
the production of a solid malleable metal, an operation until 
recently accomplished by subjecting it to the combined action 
of heat and pressure in the following manner, as introduced 
by Dr. Wollaston. The spongy platinum being reduced to 
as fine and uniform a powder as possible (by gently rubbing 
it between the hands, and afterwards in a wooden mortar), is 
sifted through a fine lawn sieve, and, after separation of the 
coarser particles, it is made into a thin uniform paste or mud 
with water, and introduced into a conical brass cylinder, 
about 6*75 inches in height, by 1*12 inch in diameter at the 
top, and 1 '23 inch at the bottom, to the bottom end of which 
is fitted a steel plug, entering the cylinder for a length 
of about '25 inch, and covered over with bibulous paper to 
facilitate the drawing off of water from the Cylinder. The 
cylinder, well greased internally, is filled with water, and 
introduced into another vessel also filled with water, where 
the cylinder is completely filled with the platinum paste, the 
latter displacing the water in the cylinder; the surface of the 
paste is covered with blotting paper, succeeded by a woollen 
cloth, and after pressing out a portion of the water, by the 
pressure of the hand applied to a wooden plug, a copper plate 
is placed on the surface, and the cylinder so prepared is 
introduced into a powerful horizontal lever press, where it 



REFINING OF PLATINUM. 323 

is subjected to considerable pressure, whereby the water is to 
a very large extent expelled, and the spongy metal is com- 
pressed into a coherent, somewhat porous cake, which is then 
extracted by withdrawing the plug from the bottom of the 
cylinder. 

The cake of metal is now heated upon a charcoal fire, for 
the expulsion of grease and any water it may still retain, 
from whence it is transferred to a wind furnace, where the 
cake is placed upon its edge and heated during twenty or 
thirty minutes to an intense heat, when, after allowing the- 
temperature to fall slightly, it is removed, while still at a 
white heat, and further condensed by careful hammering; 
upon its ends, but never upon the sides, otherwise the metal 
will ci*ack in the operation ; after this treatment the particlen 
are found to be welded together, and the metal is obtained 
in the malleable and ductile form required for use in the 
arts. The ferruginous scale with which the metal is often 
covered, after the last manipulation, is cleaned off by coating 
it over with a mixture of borax and cream of tartar or 
pQtassic carbonate, then it is covered over with an earthen 
pot, and inserted on a platinum tray into an air furnace, 
when, after the metal has attained a red heat, it is with- 
drawn and at once introduced into dilute sulphuric acid, 
by which its surface is perfectly cleaned. 

To refine the metal, increase its density, and free from the 
pores, etc., which the metal, as prepared by the above method 
of WoUaston, is liable to contain, Deville and Debray have 
introduced a furnace (fig. 70) in which the metal may be 
melted and poured out from the lip a into moulds for tbe 
casting of ingots. This furnace also effects the removal of 
any small quantities of osmium and silicon which the platinum 
may have retained, the former as an oxide, which is volati- 
lized, while tbe latter forms a fusible calcic silicate, which is 
absorbed by the lime of the walls of the furnace, and any 
traces of palladium, lead, silver, or gold that might have 
remained with the platinum are also removed, probably by 
volatilization, during this operation. The furnace (fig. 70) 
is an oxyhydrogen furnace, formed of two blocks of lime 
dt 6, placed together, as shown, and braced around with bands 
or wires of iron, to prevent the breaking down of the furnace; 
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by the cracking of the lime. The metal to be melted is 
placed on the hollow carity of the lower block d, and one or 
. two aperturea, according to the capacity of the furnace, are 
made in the npper block for the introduction of the jet or 
jets of the oxyhydrogen . blowpipe. The pipe & supplies 
hydrogen or coal gas, while c is connected with a gas-holder 
ctmtaining oxygen, which it introduces, at a pressure of from 
16 to 20 inches of water, along the pipe shown, into the centre 
o£ the hydiogea flame, the hydrogen being ignited before the 
o^gen ie turned on, and in this manner a temperature can 
be obtained sufficient to melt platinum readily, from 40 to 
60 minutes sufficing to melt and refine from 20 to 30 lbs. of 
{datinum, which is then cast by pouring the metal from &e 
lip a into moulds of gas coke, or into iron moulds lined with 
platinum. • 




ftfi. 70, — Ltob Yobsacr fob Meltinu and REmnxo Vlatisum. 

To supersede the method of welding together the particles 

of spongy platinum by t\i« method of Dr. Wollaston, and to 

obtain a moi-e dense ani wcnSovm khA*\ ^Wa. ttis* process 

affi>rds, Me8arB.I)evil\eaft4T>e^w5*iTOm'iJKfcics&ft»\\\xiffljR 
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illoatrated in fig. 71, which is simply for melting platinum 
for the purpose of casting it into ingots, without ezercieing 
the refining action possessed by the last described or lime 
fnmace. This apparatus consists of a crucible of gas-coke, 
containing the spongy platinum to be meltedj this is enclosed 
-within another cniciblo of lime, fitted with a conical cover, 
also of lime. The compound crucible so formed rests on a 
small stand or block of lime, while the furnace propet con- 
sists of three blocks of lime, one of which forms the base, 




Fig, 71.— FuiKACB JOB MsLTisQ Platinuh. 
while the second, which resta upon the fiiat, is bored to the 
form of a cylinder, and measures about 4^ inches in height, 
and has four apertures around its base for the escape of the 
fiame and products of combustion. The top of the fnmace 
consists of a somewhat thicker slab of lime, perforated with 
'a conical opening for the introduction of the oxyhydrogea 
jet, in the manner described for tig. TQ,tiLft «e^«'n)L, >^<:jSsa. 
of lime heing each strengthened sjid^«\& \/;^«'Oki%\ V^ Sx*«h 
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wires, to prevent their breaking down under the influence of 
the intense heat. In this furnace, ingots of commercial 
platinum weighing upwards of 2 cwt. have been melted. 

Other wet methods have been proposed hy W. von Schnieder, 
M. Dobereiner, etc., for the separation of platinum from 
osmium, iridiimi, and other metals of the platinum group 
contained in the solution of their mixed chlorides, obtained 
hj the treatment of the platinum ore with aqtta regia, W. 
von Schnieder proposes to boil the solution with an excess of 
caustic soda, free from potash, whereby the several metals, 
with the exception of platinum, are converted into lower 
chlorides, not precipitable hj ammonic chloride, while the 
platinic chloride (FtCl^) is scarcely affected by the treatment^ 
and may be precipitate by the addition of ammonic chloride, 
and obtained in the form of spongy platinum, in the manner 
previously described. A like effect, but effecting the separa- 
tion less completely, is produced by treatment with calcimn 
hydrate in lieu of caustic soda, and this constitutes Dobereiner's 
method of purifying platinum. „ . 

Messrs. Deville and Debray have introduced a ^'diy 
method" for the extraction of platinimi from its ores, by 
which a nearly pure, very malleable and ductile metal is 
obtained, though not so pure as that prepared by the ''wet 
process." In the extraction of platinum by the "dry 
method," an alloy of lead and platinimi, or a platiniferoos 
lead, is first prepared, from which alloy the lead is largely 
separated by the ordinary methods of cupellation in a cupel 
of bone ash;* but in this case the cupellation requires. com- 
pletion on the bed of the oxyhydrogen furnace {^g. 70), since, 
as the lead is oxydized and removed, the alloy becomes more 
and more infusible, and the high temperature produced in 
this furnace is necessary to melt it. The alloy of platinum 
and lead is prepared by introducing some 2 cwt. of platinum 
ore (previously freed as completely a» possible from earthy 
matter, etc., by repeated washing), along with half of its 
weight of galena (PbS), into a small reverberatory furnace, 
of which the bed is hollowed out, and formed of fire-brick 
lined with clay, the charge being introduced in small quan- 

* For a description oi ^e yc«s«s» ol ctql^^&j^^w^ see the Chupter 
on Lead and Silver inVoV it. 
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titles at a time, on to the red-hot bed of the furnace, thorough 
mixture being maintained by repeatedly stirring the charge 
with iron bars, and a metalliferous matt thereby results. A 
quantity of a difficultly fusible glass is now added, which 
forms a flux or covering to the surface of the matt, and an 
amount of litharge (FbO), equal to the weight of the galena 
(FbS), is gradually added. The oxide and sulphide of lead react 
upon each other, whereby sulphurous anhydride is evolved, 
and metallic lead is separated, which alloys with the platinum 
without taking up the osmium and iridium. The two latter 
foim a heavy osmium-iridium alloy, which gradually subsides 
on allowing the bath to remain undisturbed, thus forming a 
layer on the bottom of the furnace, above which floats the 
fluid alloy of platinum and lead. After allowing the bath to 
remain at rest some time to allow of the more perfect separa- 
tion of the osmium-iridium alloy, the platiniferous lead is 
ladled out and cast into ingots, while the residue remaining 
on the bottom is again added to a subsequent charge. 

The platiniferous lead thus obtained is now subjected to 
cupel lation upon a test or cupel, in the ordinary manner of 
cupellation, whereby the lead is removed as litharge, which 
melts, is absorbed by, and passes through the substance of 
the test, while the platinum is left on the cupel as a crude 
spongy mass, retaining small portions of lead, osmium, iridium, 
and rhodium. This alloy is transfeiTed for refining dLXudifudon 
on to the lime hearth of the oxyhydrogen lime furnace repre- 
sented in flg. 70. After this treatment the metal still retains 
traces of iridium and rhodium, which have the effect of ren- 
dering the metal a little harder and less fusible, or better 
adapted to most of its applications in the arts. 

268. Alloys of Platinum. — Under the influence of heat, 
platinum will alloy with most of the other metals, producing 
bodies which are usually considerably more fusible than 
platinum itself, and for this reaison the, melting of metallic 
bodies in platinum vessels is to be carefully avoided. Thus, 
on the application of heat, platinuni unites with antimony 
ov arsenic f the union being attended with incandespence and 
the produdiion of brittle and readily fusible alloys; with 
bismuth, also, unicm takes place readily, but without incan- 
descence and the alloy is again \)riV»Wfe wA t:^^^^-^ V?ssi!^sSiN 
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but if these alloys be heated in the air oontinuoiisly for 
some time, almost the whole of the antimony, arsenic, or 
bismuth is oxidised, and a residue of platinum remaina 

Platinum alloys with iron and steel, producing bodies more 
or less difficultly fusible, according to the proportion of plati- 
num present; with equal weights of the two metals the alloy 
i-equires the heat of the oxyhydrogen blowpipe for its fusion, 
whilst with but 1 per cent, of platinum a steel may be pro- 
duced, which is readily melted in the ordinary furnaces (see 
page 79). 

Gold and platinum alloy together, with the formation of 
alloys which approach more or less to the colour of gold, as 
the proportion of the latter is increased, and with the in- 
crease in the amount of gold, the melting point of the alloy 
is also lowered. 

Lead and platinum combine very easily with the produc- 
tion, if the proportion of lead be considerable, of readily 
fusible alloys, the fusibility decreasing with an increase in 
the amount of platinimi present. 

Platinimi and silver alloy well together, small proportions 
of the former rendering silver harder and less white. The 
silver may be extracted from this alloy by boiling sulphuric 
acid ; while nitric acid, if the silver be present in considerable 
quantity, dissolves both metals. 

The most important alloys of platinum, for the pui*poses 
of the arts and manufactures, are those with the rarer metals 
iridium and rhodium, with which platinum always occurs 
associated, and the perfect separation of which is attended 
with considerable trouble and expense, while for many piur- 
poses the alloy of these three metals is better adapted than 
is the pure metal itself, since the alloy is harder, less fusible, 
and less easily attacked by chemical reagents. In the pre- 
paration of this alloy it is only necessary to fuse the ore along 
with 4 or 5 per cent, of lime in the oxyhydrogen flame, for 
which purpose a bed of lime is required {i&g. 70) to hold the 
fused alloy, and to absorb the fusible slags produced by the 
oxidation of the copper and iron present in the ore of 
platinum, while the palladium and osmium originally pre- 
sent are volatilized at the high temperature employed. 

An amalgam of platinum of a silvery appearance may be 
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obtained by triturating the spongy metal idth mercury in a 
warm mortar, the union being promoted by moistening the 
mixture with water acidified with acetic acid, and from this 
amalgam the mercury is expelled on the application of heat, 
and a residue of platinum is deposited. The hammered or 
compact metal does not amalgamate with mercury. The 
amalgam containing 12 per cent, of platinum, is metallic in 
appearance, and possesses a soft greasy feel, the solidity of 
the substance increasing with the proportion of platinum, 
until with from 40 per cent, to 45 per cent, of platinum, 
the amalgam assimies the form of a dark grey solid. 
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Bog Iron Ore, 82 

Blowing Iron, 169, 171, 193 

Blue Billy, 73 

BoUingofTin, 287 

Boshes of Blast Furnace, 114 

Bowling Iron, 169. 171, 193 

Brands of Bar-iron, 224 

Breezes, 31 

Brasqned Crucibles, 23 

Bricks, Dinas, 23 
,. Fire. 23 

Britannia Metal, 295, 803 

Brodie Cochrane Coke Oven, 41, 42 

Bronze, Preparation of, 293 

Brown Haematite, 82 
„ Iron Ore, 82 

Brown's Squeezer, 188 

Burden of Furnace, 90 

Bull Dog, 76, 166 
SUig, 76 

Burnt Iron, 143 
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Cadmiuv, 10 
Calcination, 15, 95 

„ of Pyritic Ores, 96, 97 

Calciner. Swedish, 98 
Calorific, Effect of Hot Blast, 57 
Intensity, 57 
Intensity of Carbon, 67 

„ Hydrogen, 57 
Power of Carbonic Oxide, 54, 56 
Dry Wood, 55 
Effect of Ashes on, 50 
Fuel, 53, 55 
Hydrogen. 54, 56 
defiant Qas, 54 
Marsh Gas, 57 
Phosphorus, 67 
SiUcon, 259 
Caking, 18, 

„ Coals, 27 

„ of Non-caking Coals, 51 
Carbon, 54 

,. and Iron, 76, 143 
,^ Calorific Power of, 58, 56 
„ „ Intensity of, 57, 58 

Carbon in Pig-Iron, 76 

„ in Steel, 203, 205 
Carbonate of Iron, 83 
Carbonic Oxide, Calorific Power of, 54, 50 

„ Decomposition of, 76 

Carbonization of Fuels, 27 
„ Zones of, 33 

Carburization of Iron, 77 
Carinthian Gas Furnace, 173 
Case-hardening, 75, 77, 218 
Cassiterite, 282 
Casson-Bicherouz Puddling Furnace, 

176, 200 
Casson's Gas Producer, 66 
Casting Ladle, Bessemer, 249 
Cast-iron, 86 

„ Action of Sea- water upon, 87 
„ Analyses of, 89, 93 

and Phosphorus, 74, 88 
and Silicon, 75 
and Sulphur, 72, 88 
Arsenic and, 75 
Commercial Classification 

of, 91 
Effect of Fusion upon, 87 
Grey, 75, 77, 86 
Malleable, -234 
Mottled, 77, 86 
Strength of. 88 
Varieties of, 86, 91, 94 
White, 75, 77, 86 
Cast or Crucible Steel, 218 
Cast Steel Melting Furnace, 219 
Catalan Forge, Steel in the, 208 
Furnace, 145 

„ Trompe or Blowing 
MokfiVvVcA cA.^ VfV 
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Catalytifl, 818 

Cataract for Mill Engine*, 196 

Cementation, Definition of, 18 

Fnrnaoe, Vertical Section 

of, 214 
Process for Production of 
Steel, 76, 213 
Cenrantite, 208, 800 
Charcoal, 29 

Burning, 80 

Burning, Rectangular File for, 

82 
Burning in Kilns, 35 
Blast Furnace, Temperature 

of Blast for, 130 
Finery, 152, 158 
Peat, 86 
Pile, 81 

Plates, 151, 290 
Wood for, 80 
Yield of, 80 
Charges of Furnaces, 120, 168 
Charring of Wood in Retorts, 84 
Chenot Process for Production of Bteel, 

209 
ChiUed Cast-iron, 75 
Chromium, 10 

„ and Iron, 80 
„ and Steel, 80 
Cinder, Finery, 153 
Flue, 198 
Mill Furnace, 201 
Notch, 116 
Pig. 76, 94 
Refinery, 75, 166 
Tap, 166, 172 
Tub, 76, 166, 172 
Circular Pile for Charcoal Burning, 31 
Clay Ironstone, 83 

„ Pig-iron from, 84 

Clays, 21 
Clinker, 25 
Coal, 26. 27, 28 
„ Ashes of, 29, 
„ Bituminous, 27, 29 
„ Caking, 18, 27, 29 
„ Composition of. 27 
Free Burning, 18, 29 
Non-caking, 18, 19, 27, 29 
Products of Distillation of, 27 
Cobalt, 10 

,, and Iron, 79. 
Cubalt-Glance, 806 
Cogging Mills, 194 
Coinage, Bronze, 293 
Coke, 18, 29, 36 
„ Composition of, 86 
„ Desulphurization of, 53 
„ Ovens, 39 

Appolt, 46 
Bee-hive, 39 
Brodie Cochrane, 41. 42 
B}'e-products from, 48 
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Coke Ovens, Coppee, 48 
„ „ Cox's, 41. 42 
„ „ Jameson^s. 43 

Rectangular, 40 
Simon-Carres, 44 
„ Waste Gaaes of, 51 
Sulphur in, 52 
„ Yield of; 86, 41 
Coke-plates, 290, 
Coking in Kilns, 88 
,. Ovens, 89 
„ PUes, 87 
Coking of Non-caking Coals, 51 
ColooUiar, 69 

Cold-Short, Definition of, 12 
Cold-Shortness, in Iron, 74, 78, 14S 

„ in Steel, 206 

Collection of Bye-products firom Coke 

Ovens, 43 
Combustion of Hydrogen, 58 
" Coming to Nature,*' Phenomena of, 168 
Commercial Antimony, 297 

„ Classification of Pig-iron, 91 

„ „ Bar-Iron, 144 

Common Tin, 286, 287 
Composition of Blast-Fumaoe Gastes, 106 
Coal, 27 
Peat, 27 
„ Wood, 27 

Compression of Steel by Steam, 276 
„ „ „ Gases, 277 

Condie*8 Steam Hammer, 187 
Conditions for Production of White Iron, 

95 
Conductivity of Charcoal, 80 

„ Metals, 12 

Constituents of Fuel, 26 
Conversion of Pig-iron into Malleable 

Iron in Open Hearths, 151 
Conversion of Pig into Malleable Iron in 

Beverbatory Furnaces, 155 
Converted Bars, 277 
Converting Furnace, Plan of, 815 
Converter, Bessemer, 248, 264 
„ for Basic Process, 264 
„ Heaton's, 229 
Coppee Coke Oven, 48 
Copper, 10, 77 

„ and Arsenious Add, 807 
and Iron, 77, 142 
and Speigeleisen, 98, 241 
and Steel, 77, 206 
„ Tinning of, 296 
Cornish Apparatus for Subliming Arseni> 

oos Anhydride, 308, 809 
Cornish Crucibles, 22 
Cort's Puddling Process, 161 
Cowper's Stoves, 132, 185 
Cox's Coke Oven, 41, 42 
Crampton's Furnace, 182 
Crocodile Squeezer, 187 
Crucibles, 21, 221 

Annealing of, 19, 28 
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Crucibles, Brasqned, 23 

Cornish, 22 

Covers and Stands, 220 

Hessian, 22 

London, 22 

Moulds, 221 

Plumbago, 22, 288 
;, Steel Melting, 21, 218, 221 

Crocos of Antimony, 303 
Crudd Antimony, 301 
Cry of Tin, 280 
Cubic Pyrites, 78 
Culm, 285 
Cupellation, 16 

„ of Platinum, 827 

„ Use of Bismuth in, 812 

Cupola Blast Furnace, 122 
Cupric Arseuite, 307 
Cup and Cone for Blast Furnace, 122 

Damaskebnimo, 208 
Dam Plate, 116 
Danks' Furnace, 179 

Bevolving Fuddling Furnace, 

Plan of, 180 
Bevolving P*uddling Furnace, 
Vertical Section of, 180 
Dannemora Brands, 224 
„ Iron, 81, 154 

Dead-Melting, 274 
Decarburization Methods for production 

of Steel, 226 
Decomposition in the Bessemer Vessel or 

Converter, 245, 255 
Decomposition of Wood, 29 
Definition of Alloy, 18 

Amalgam, 13 
Cementation, 18 
Cold Short, 12 
Cupellation, 16 
Dessication, 18 
Dissociation, 18, 59 
Distillation, 17 
Ductility, 11 
Elasticity, 11 
E liquation, 17 
Flux and Slag, 15 
Lixiviation, 17 
Malleability, 10 
Metallurgy, 9 
Ore, 14 
Reduction, 14 
Scorification, 16 
Smelting, 15 
Softness, 12 
Sublimation, 17 
Tenacity, 11 
„ Toughness, 12 

Depbosphorizatiou Process for the pro- 
of Steel, 262 
Descent of Charge in Blast Furnace, 120, 

121 
Desulphurixation of Coke, 53 
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Detmore's Puddling Furnace, 167 

Deville and Debray's Method of Eztraot- 
ing Platinum, 826 

Dimensions of Blast Fomaoes, 119 

Dinas Fire Brick, 28 

Direct Process, Siemens*, for Production 
of Steel, 210 

Distribution of Heat in Blast Foruaoa, 
101 

Disulphide of Iron, 78 

Ddbereiner's Method of Separating Plat- 
inum, 826 

Dolomite, 24 

Double Puddling Furnaces, 167 
„ Shear Steel, 217 
„ Squeezer, 188 

Dressing of Ores, 14 

Dry Wood, Calorific Power of, 55 

Dry Puddling Process, 161, 169, 170 

" Drying" or "Coming to Nature," 170 

DuotiUty of Metals, U 

Eastwood's Mechanical Babble, 178 
Ebelmen on Oases from Coke Ovens, 51 
Economy in Fuel, 60 
Effects of other Metals oh Pig-iron, 90 
Ehistidty of Metals, 11 
„ Steel, 204 

Elevation of Basic Bessemer Converter, 
264 
„ Puddling Furnace, 165 

„ Refinery, 156 

Elimination of Phosphorus in Bessemer 
Process, 245 
„ of Phosphorus in Puddling, 

163, 245 
„ oi Sulphur in Puddling, 

163,245 
Eliquation, 17 
Ellerhausen*8 Process for Production of 

Steel, 178, 232 
Emerald Oreen, 807 
Engines, Blowing, 127 

„ Rolling MUl, 195 
Extraction of BismuUi, 818 

„ Platinum, Dry Method, 820 

„ » Wet Method, 

820, 826 
Eye of Blast Furnaoe, 124 

Fagootiito, 198 
Farniey Iron, 169, 19S 
Ferric Acid, 71 
„ Hydrate, 70 
„ Oxide, 68, 69 
„ Salts, 70 
Ferrie's Blast Furnace, 98 
Ferro-manganese, Use of, in Steel Mab 

ing, 241 
Ferrous Carbonate, 69 
Disulphide, 73 
Hydrate, 69 
Oxide, 68 
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F«rnn» fiilioate, 71 

,. fialpfaide, 71, 7S 
Fec&ltng, 166 
Fm« Mettd, 1&6 
Fiuoj, 162, 1^ 
^ €&nder, 1» 
M C3utfoual,15S 
^ Frooen, 1^2 
Fining, 20, 1^1 

.. «tfFj«-IroD. 20. ISl 
TwiOdBf BoBa, 189 
Fire findc^ 28 
,, Clay., 20 
^ Bteel-Mellans, £18 
», Tb« Hollow, 1&2, la 
Fixad BeaedBMT T«m»l, 261 
Tkmta d Antimovj, 296 

^ BinDtttii. 612 
F>iu»^i&der, 198 
Fla^-Dust, 141 

Fluid CkM np r MM OP «f Bteel, 27S 
FluonxM etael Pcoomi^ 282 
Flux, 16 
Tvrgfi Iron, Stt 
« SeiJfet, Itf 
M Tbe, 166 

M Traun for RoUiof Paddled 
1^ 

ForiDf of Um Blaat-Fonttoe, 116 
Foviodrj Iron, 88 
Fraakliiiite, 81 
Frw-baraiog Coate, 16 
Fael. 26 
^ Aidioi;26, 26 
„ CaXoriile Intenntj of, 57 
p, „ Power o^ 66 

,, ClaMifteatkMi of, 27 
pt Couctitoeutt of; 26 
M Eoofiomy in, 60 
9, GaMOtu, 60 
M Lipoid, 60 
,, On«;in of, 26 
,, Patent, 62 

„ Product* of Carbonization, 27 
,t Selection of, 69 
Fu«li, Compariaon* of, 26, 69 
Furuaoe, Alfreton, 107 
Annealing, 19 
BJaat, 116 

„ tor Smelting Tin, 288 
Blaoofen, 120 
Blowing-in a, 112 
I3oetia», 177, 200 
Carintbfan Oa«, 178 
Caaion Bieberoux, 176, 200 
Catalan, 145 
Cementation, 214 
Charges of. 120 
CzwDpton's, 182, 
„ Cupola Blaat, 119 
„ Datika', 179 
,, Eye, 12A 
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Gaa Prodaoer, 62, 173 
Gaaeoos Foel, 60 
Gjei'a PoMunatie LifL 127 
Gja'B Soaking Pita, 197, 201 
GIa■^ Antimany, 290 

„ obtained in &D^ting Tin, SS6 
Glaaed CooTcrted Bars, 217 
Gold, Dnctility of, 11 
Gold and Platinom, 823 

with Iron, 79, 267 
Gooae-Neck, 124 
Gotbite, 70, 82 
Grain Tin, 286, 287 
GrHibite in Iron, 77, 86, 89 
Grejr Pig-Iron, 76, 77, 86, 87, 92, 100 
Griffitiw* Fixed Converter, 261 

Mecbanieal Babble, ITS 
Goidea for Bolla, 192 
Goillotiue, 193 
Gun Metal, 293 

Hadfield'b Manganese Steel, 275 
Haematite, Brown, 82 

„ Hard and Soft, 82 
Bed, 82 
Hammer, Scale, 71, 143 

„ Sbingling, 186 

„ Twenty-fire Ton Steam . 187 
Hardening of Steel, 204, 205 
Hard Head, 286, 287, 290 
Hardneae of Metals, 12 
lUaxtVi, Swedish Lancashire, 153 
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Heat, in PnditUng, 169 

Heating Power of Gases from Bessemer 

Converter, 259 
Heaton Converter, 229 

„ Procees for Prodaction of Steel, 

229 
„ Frodncts, Analyses of; 230, 281 
Henderson Process for Production of 

Steel, 232 
Helve, Shingling, 1S5 
Hessian Crucibles, 22 
Honey's Moveable Bottom, 254 
Hollow Fire, tlie, 153 
Honeycombed Steel Ingots, 274 
Horizontal Rotary Squeezer, 188 
Hot Blast, 180 

Advantages of, 130 
Ciiloriflc Effect of, 57 
Iron, 156 
Stove, 131 
„ Pistol-pipe, 133 
„ Cowper's, 182, 135, 139 
„ Whitweirs, 132, 139 
Twyer, 128. 124, 180 
„ Temperature of. 180 

Hydrated Arsenic Oxide, 309 
HydrauUc Lifts, 127 
Hydrogen, Calorific Power of, 53, 56 

Intensity of. 57 
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Ilmenite^ 84 

Imperial Oreen, 307 

Inclined Plane, 126 

Inclination of Twyers in Blast Furnace, 

125 
India Steel, 229 
Ingot Moulds, 222 
Intensity, Calorific, 57 
Introduction, 9 
Iridium and Platinum, 828 
Iron, 67 
Iron and Aluminum, 80 

Antimony, 79, 148 

Arsenic, 74, 143 

Bismuth, 79 
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Cobalt, 79 

„ Copper, 77, 142 

,. Gold, 79 

„ Lead, 79 

„ Manganese, 78 

M Nickel, 79 

„ Nitrogen, 78 

>» Oxygen, 68 

„ Phosphorus, 78, 148 

„ Platinum, 79 

„ Silicon, 75, J 42 

„ SUver, 79 

„ Sulphur, 71, 142 

„ Tin, 78, 148, 289 

„ Titanium, 78, 148 

„ Tungsten, 78 . 
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Iron and Zinc, 77, 143 
Iron, Annealing of, 19 

„ " Best Best." 144 

„ ' * Best Staffordshire,*' 145 

„ Cast. 86 

„ Carbonate of, 83 

„ Cold-blast, 89, 94 

„ Cold-short, 12, 74, 78, 142 

„ Dannemora, 81, 154 

„ Disulphide of, 73 

„ Fuel used in Smelting, 120 

„ Galvanized, 143 

„ Grey Pig, 75, 86, 92, 109 

„ Hot-blast, 89. 94 

„ Low Moor, 169, 171, 193 

„ Malleable, 142 

„ Merchant Bar, 144, 190 

„ Mottled, Cast, 77, 86 

„ Metallic, 67 

„ Occlusion of Gases by, 68 

„ Ores of, 81, 89, 93 

„ Oxides of, 68 

„ Phosphorus and, 73, 74, 88, 142 

„ Puddling of, 161 . 

„ Pure, 67 

„ Sprites, 73 

„ Red-shortness of, 72, 75, 77, 79, 14S 

„ Scale, 71, 143 

,, Specular, 69 

„ Welding of, 142 

„ White,75, 77, 86 

„ With Gold and Platinutu, 79 

„ Wrought, 142 
Iron-glance, 82 
Iron Ores, 81 

Analyses of, 85 
Brown, 82, 85 
Calcination of, 15, 95 
Clay Ironstone, 83, 85 
Magnetic, 70, 81, 85 
Phosphorus in, 74 
Red Hasmatite, 69, 81, 85 
Spathic, 83, 85 
Titaniferous, 84 
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Jacob's Ladder,127 
Jameson's Coke Oven, 43 

Kaolin or China Clay, 21 

Heir's Alloy, 78 

Kidney Iron Ore, 82 

Killing in Cast Steel Melting, 222 

Kilns, Calcining, 97 

„ Charcoal burning in, 35 

„ Coking in, 88 

„ Rectangular Coking, 83 
King's YeUow, 310 
Kish, 77 

Krupp's Washing Process, 160 
Kupfemickel, 306 
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Imke Ore, 92 
LancMhire Heutli, 138 
iMamta'B Famaee Top, 12S 
Lend And Itoo. 79 

,, Platifiam, 328 

Tiii.2»6 
LUU, 126 
UfDite, 27, 29 
lijDe Fsroaoe for Befloii^ sad MoHfag 

FUtionm, 324 
Limit of KlMtkiij, 11 
limoDito, 70, 82 
lining of Banc Beatemer ConTertcr, 

268,268 
linix^B^ of Bmic BeMemer CouTflrter, 

Bq^ain for Mune, 266 
Lining of BflMemer CoDTertMT. 247 
Liquation, Definition, ot, 17 

„ Famaee, Biaomtii, 814 
„ of AntinM>n J, 800 
„ of Tin, 286 
Liquid Fuel, 60 
LiM-pot, 292 
Livem of Antimony, 299 
Liziviation. 17 
London Cmciblee, 22 
Loom Bottom* for Basic Converter, 264 
LoM between Pig and Bars, 201 
LoM in Paddling, 171 
Loop of Metal in Bloomery Hearths, 149 
Low Moor Iron, 169, 171, 193 

Maohctio Iron Ore, 81 
„ Oxide, 69, 70 
„ Pyrites, 73 
Magnetite, 70, 81 
MaDand 8teel, 229 

Malce of Iron in Blast Furnaces, 119, 120 
Malce of Iron in Bachette Famaoe,«130 
MalleabUity, Definition of, 10 
Malleable Cast-Iron, 234 
MaJleablo Iron, 142 

Analyses of, 144 
Antimony and, 79,148,303 
Anenic and, 76, 143 
Carbon and, 76, 143 
Carbonic Oxide and, 76 
Cold-short, 78. 79, 142. 289 
Commercial Varieties of, 

144 
Copper and, 77, 142 
Malleability of, 142 
Melting point of, 142 
Phosphuros and, 74 
Production of, direct from 

the Ore, 146 
Production of, from Pig- 

Iron, 150 
Production of,in India,148 
Production of Steel by 

Carburization of, 213 
Red Shortness in, 72, 75, 
142 
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Maraaita^ 73 

Marsh Gas, CUoriAc Power oi; 37 
Martite,70 
Matrix, 14 
Matt^lS 
MediaBieal Puddling; 177 

„ Babbles, 178 

MerhMifcal Treaimant cT the Puddled 

Ball, 171, 186 
Melting Cast-Steel. 218 
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,, of Biamth, 813 
Melting Point of Malleahle InMi, 142 
Steel, 208 
Tin,280 
Merchant Iron, 144, 190 
Metal, Definition, oC; 9 
„ Fracture ol^ 10 
„ Specific GraTity of, 10 
Metals, CondnctiTity of; 12 
Dnctility oi; 11 
Ehwticity of, 11 
Lustre of, 10 
MalleabUity oi; 10, 142 
Natire, 14 
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„ Physical Qualities oi, 10 

Softness of, 12 

Tenacity cf, 11 

Tooghneas of, 12 
„ Welding of, 12, 142 
Metallic Copper and Arsenioua Add, 807 
„ Iron, 07 
„ Sponge, 209 
Metallurgical Terms, 14 
Metaiinrgy, Definition of, 9 
Metastannic Acid, 281 
Mercury and Bismuth, 316 
Meteoric Masses, 79 
Micaceous Iron Ore, 69, 82 
Mild Centred Steel, 279 
MiU Furnace, 197 
Mill Furnace Cinder, 201 
MiU Machinery, 196, 
MiUs, Bulling, 185, 189 
Mine and Cinder Pig, 76, 94 
Mine or Ore, 76 
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Mispickol, S06 
Moired Metalliqu^, 280 
Morgan's Mtwhauical Rabble, 178 
Mosaic Gold, 281 
Mottled Fig-Iron, 77, 86 
Mould, Crucible, 221 
Moulds for Bessemer Ingots, 250 
i^uudlc, 73 

Naples Yellow, 299 

Nasmyth's Tubular Babble, 178 

Native Metals, 14 

Natural Steel, 209 

Nickel and Iron, 79 

Nitric Acid, Action upon Alloys, 18 

Nitrogen and Iron, 73 

Nubbling, 20 

Noblins. 171 

Non-Caking Coals. 19, 27 

„ Coking of, 51 

OccuRREMOE of Platinum, 820 
Occlusion of Gases by Iron, 18, 08 
„ „ Silver, 18 

„ „ Steel, 205 

Ochre, Red, 82 

defiant Gas, Calorific Power of, 54 
Open Heiuxh Steel Melting Furnaoe, 

Siemens', 235 
Open Hearth Steel, 235 

,, „ Process, 240 

Ore, Definition of, 14 
„ Iron, Analyses of, 89, 93 
„ Production of Steel direct from 
the, 208 
Ores, Dressing of, 14 
„ of Antimony, 800 
„ of Arsenic, 800 
„ of Bismuth, 313 
„ of Iron, 81 
„ of Platinum, 320 
„ of Tin, 282 
„ Spathic, 83 
Origin of Fuel, 26 
Oriiiment, 306, 310 
Otto Coke Oven, 44 
Ovens, Blast, 131 

„ Coking in , 39 
Over-blowing in Bessemer Process, 253, 

265 
Oxide, Arsenious, 805, 306 

,, Arsenic, 809 
Oxides of Antimony, 298 
(^xland's Process for Smelting Tin, 288 
Oxygen and Iron, 68 

„ Sulphur with Bismuth, 813 

Oxyhydrogen Lime Furnaoe, 824 

Parry's Process for Production of SteeL 

233 
Patent Fuels, 52 
Peat. 27, 28 

„ Charcoal, 86 
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Peeler 20 

Pernod Revolving Furnaoe, 179, 183, 243 
Penserat's Furnace for Smelting Anti- 
mony, 300 
Petroleum, 60 
Pewter, 295, 308 

Phenomena of Bessemer Blow, 251 
Phosphorus and Iron, 78 

and Bar-iron, 74, 142 
and Cast-iron, 74, 88 
and Steel, 206 
Calorific Power of. 57, 278 
in Bessemer Process, 245, 

270, 273 
Reduction of, in Blast Far- 
. naoe, 108 
Fhysioal Qualities of Metals, 10 
Physics used in Steel Melting, 224 
Pickling of Tin-phites, 291 
Fig-bed, 108 
Pig BoiUog, 161 
Fig-Iron, 86 

Analyses Qf, 89 

Phosphoric, Bessemer, 88, 271 
Bessemer, 92, 246, 259 
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Process, 244 
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ductions on Historical Geography by W. F. Collier, LL.D.y and ok 
Cbssical Geography by Leonhard Schmitz, LL.D., with a Copiooa 
Index, Imperial 8vo, cloth, 
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XondoB. EdinhuTffli* and Herriot Hill Works. GUwoow. 



Educational Works of Wm. Collinsi Sons, & Oc, LimttMt 



COLLINS' SEBIES OF SCHOOL ATLASES— Continned. 



SCRIPTURK GEOGRAPHY. 

THE ATLAS OF SCRIPTURE GEOGRAPHY, i6 Maps, with t. d. 

Questions on each Map, Stiff Cover, ... ... ... ... i o 

THE POCKET ATLAS OF SCRIPTURE GEOGRAPHY, i6 

Maps, yi by 9 inches, mounted on Guards, Imp. i6mo, cloth^ ... i o 

1 Ancient World, shewing probable Set- 1 9 Modem Palestine. 

tlements of Descendants of Noah. I 10 Physical Map of Palestine. 



Countries mentioned in the Scriptures. 
Canaan in the time of the Patriarchs. 
Joumeyings of the Israelites. 
Canaan as Divided among the Twelve 

Tribes. 
The Dominions of David and Solomon. 
Babylonia, Assjrria, Media, and Susiana. 
Palestine in the Time of Christ. 



11 Journeys of the Apostle PatiL 

12 Map shewing the prevailing Religions 

of the World. 

13 The. Tabernacle in the Wilderness. 

14 Plans of Solomon's and Herod's Tem- 

ples. 

15 Plan of Ancient Jerusalem. 

16 Plan of Modem Jerusalem. 
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BLANK PROJECTIONS AND OUTLINES. 

THE CROWN ATLAS OF BLANK PROJECTIONS, consisting 

of 16 Maps, Demy 4to, on Stout Drawing Paper, Stiff Wrapper, ... 
THE CROWN OUTLINE ATLAS, 16 Maps, Demy 410, Stout 

Dra^ng Paper, Stiff Wrapper, ... ... ... ... ... o 6 

THE IMPERIAL ATLAS OF BLANK PROJECTIONS, consisting 

of 16 Maps, Imperial 4to, on Stout Drawing Paper, Stiff Wrapper, i 6 
THE IMPERIAL OUTLINE ATLAS, 16 Maps, Imperial 4to, Stout 

Drawing Paper, Stiff Cover, .., ... ... ... ... i 6 

A Specimen Map of any of the foregoing Atlases free on receipt of two Penny Stampt 

SCHOOL-ROOM W^ALL MAPS. 

Printed in Colours, and Mounted on Cloth and Rollers, Varnished, 

CHART OF THE WORLD, 5 ft. 2 in. by 4 ft. 6 in., 20 

CENTRAL AND SOUTHERN EUROPE, 5 ft. 2 in. by 4 ft 6 in., 20 
EUROPE, ASIA, AFRICA, NORTH AMERICA, SOUTH 
AMERICA, ENGLAND, SCOTLAND, IRELAND, PALES- 
TINE, INDIA, each 3 ft. by 2 ft 5 in., 6 

UNITED STATES OF AMERICA, 3 ft. 11 inches by 2 ft. 4 in., 8 

COUNTY W^ALL MAPS. 

Printed in Colours, and Mounted on Cloth and Rollers, Varnished, 

MIDDLESEX, LANCASHIRE, YORKSHIRE, WARWICK, 

DURHAM, CUMBERLAND, DERBYSHIRE, DORSET, 

GLOUCESTER, HAMPSHIRE, SOMERSET, STAFFORD, 

AND WILTS; each 54 in. by 48 in., 



o 
o 



6 
6 
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CHART OF METRIC SYSTEM- 



CHART OF THE MEX 
MEASURES. Size 

Ijondon, Edinburi 



HTS AND 




